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7KHSDSHUH[DPLQHVWKHHPHUJHQFHRIJDXJHILHOGVGXULQJWKHHYROXWLRQRIDSDUWLFOHZLWKD
VSLQ WKDW LV GHVFULEHGE\DPDWUL[+DPLOWRQLDQZLWK Q GLIIHUHQWHLJHQYDOXHV ,W LV VKRZQ
WKDW E\ LQWURGXFLQJ D VSLQ JDXJH ILHOG D SDUWLFOHZLWK D VSLQ FDQ EH GHVFULEHG DV D VSLQ
PXOWLSOHWRIVFDODUSDUWLFOHVVLWXDWHGLQDQRQ$EHOLDQSXUHJDXJHIRUFHOHVVILHOG  Q8  $V
WKH UHVXOWRQHFDQFUHDWHDWKHRU\RISDUWLFOHHYROXWLRQWKDWLVJDXJHLQYDULDQWZLWKUHJDUGV
WR WKHJURXS  Q8  'XH WR WKLV LQ WKHDGLDEDWLF $EHOLDQDSSUR[LPDWLRQ WKHVSLQJDXJH
ILHOGLVDQDQDORJXHRI Q HOHFWURPDJQHWLFILHOGV  8 RQWKHH[WHQGHGSKDVHVSDFHRIWKH
SDUWLFOH7KHVHILHOGVDUHIRUFHRQHVDQGWKHIRUFHVRIWKHLUDFWLRQHQWHUWKHSDUWLFOHPRWLRQ
HTXDWLRQVWKDWDUHGHULYHGLQWKHSDSHULQWKHJHQHUDOIRUP7KHPRWLRQHTXDWLRQVGHVFULEH
WKH WRSRORJLFDOVSLQWUDQVSRUWSXPSLQJDQGVSOLWWLQJ7KH%HUU\SKDVHLVUHSUHVHQWHGLQWKLV
WKHRU\DQDORJRXVO\WRWKH'LUDFSKDVHRIDSDUWLFOHLQDQHOHFWURPDJQHWLFILHOG'XHWRWKH
DQDORJ\ZLWKWKHHOHFWURPDJQHWLFILHOGWKHWKHRU\EHFRPHVQDWXUDOLQWKHIRXUGLPHQVLRQDO
IRUP %HVLGHV WKH JHQHUDO WKHRU\ WKH DUWLFOH FRQVLGHUV D QXPEHU RI LPSRUWDQW SDUWLFXODU
H[DPSOHVERWKNQRZQDQGQHZ

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 $FKDUJHLQDQH[WHUQDOHOHFWURPDJQHWLFILHOGDQGWKH'LUDFSKDVH/HW¶VUHFDOOWKH
EDVLF IDFWV DERXW H[WHUQDO HOHFWURPDJQHWLF ILHOG LQIOXHQFH XSRQ D FKDUJHG SDUWLFOH 7KHVH
SURSHUWLHVZLOOEHRIXVHZKHQFRQVWUXFWLQJ WKHDQDORJRXV WKHRU\IRURWKHUILHOGV7KHFODVVLFDO
HOHFWURPDJQHWLFILHOGLVVSHFLILHGE\WKHSRWHQWLDO  DDD U$$   ZKLFKFRUUHVSRQGVWRWKHILHOG
VWUHQJWK WHQVRU
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7KURXJKRXW WKH SDSHU ZH GHQRWH WKH HOHFWURPDJQHWLF ILHOG FRPSRQHQWV DQG WKH SRWHQWLDO
FRPSRQHQWV E\ VFULSW OHWWHUV WKH YDOXHV HTXLSSHG ZLWK *UHHN LQGLFHV DUH YHFWRUV LQ WKH
0LQNRZVNLVSDFHZLWKWKHVLJQDWXUH    DVXPPDWLRQRYHUUHSHDWHGLQGLFHVLVXQGHUVWRRG
7KH HOHFWURPDJQHWLFILHOGWHQVRULVDQLQYDULDQWZLWKUHVSHFW WRWKHJDXJHWUDQVIRUPDWLRQRIWKH
SRWHQWLDO
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+HUH  DII U LV DQDUELWUDU\VFDODUILHOGRQ DU  ZKLOHWKHFRHIILFLHQW HF = KDVEHHQLQWURGXFHG
IRU FRQYHQLHQFH H VWDQGVIRUWKHHOHFWULFFKDUJHRIWKHSDUWLFOH
 (PDLONBEOLRNK#PDLOUX
7KHIRUFHDFWLRQRI WKHHOHFWURPDJQHWLFILHOGRQDFODVVLFDOFKDUJHGSDUWLFOH LVUHGXFHGWR
WKHRFFXUUHQFHRIWKHIRUFH EDE U) LQWKHHTXDWLRQVRIPRWLRQVHH6XEVHFWLRQEHORZ$WWKH
VDPH WLPH WKHSURSHUSRWHQWLDO D$ LQQRZD\DIIHFWV WKHHYROXWLRQRIDFODVVLFDOSDUWLFOH7KH
VLWXDWLRQLVGLIIHUHQWIRUDTXDQWXPSDUWLFOHLQDQH[WHUQDOHOHFWURPDJQHWLFILHOG
,Q3$0'LUDF>@VKRZHGWKDWZKHQWKHSDUWLFOHLVEHLQJWUDQVSRUWHGLQDQH[WHUQDO
HOHFWURPDJQHWLFILHOGWKHSKDVHM RILWVZDYHIXQFWLRQ\ FRQWDLQVWKHWHUP
 ³ DDM GUFH' $=  
7KH SKDVH 'M LV VDLG WR EH WKH'LUDF SKDVH ,W LV HYLGHQW WKDWZLWK WKH SDUWLFOH HYROXWLRQ LQDGGLWLRQ WRSKDVH  WKHXVXDOG\QDPLFSKDVHDFFXPXODWHV7RGHULYHIRUPXOD'LUDF
LQYRNHG WKH JDXJH LQYDULDQFH SURSHUW\ RI WKH TXDQWXPPHFKDQLFDO HTXDWLRQV 7KLV SURSHUW\
LPSOLHV WKDW WKH HTXDWLRQV DUH LQYDULDQW ZLWK UHVSHFW WR WKH ORFDO JDXJH WUDQVIRUPDWLRQ RI WKH
SRWHQWLDO  DQG VLPXOWDQHRXV PXOWLSOLFDWLRQ RI WKH SDUWLFOH ZDYH IXQFWLRQ E\ WKH
FRUUHVSRQGLQJSKDVHIDFWRU
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7KH 'LUDFSKDVHLVQRQLQWHJUDEOH LHLVGHSHQGHQWRQWKHWUDQVSRUWSDWK8QGHUWKHWUDQVIHU
DORQJ D FORVHG FRQWRXU WKH FKDQJH RI WKH SKDVH LV GHWHUPLQHG E\ WKH ILHOG IOX[ WKURXJK WKLV
FRQWRXU ,QGHHGZLWKWKHFKDUJHWUDQVIHUDORQJDORRSWKDWERXQGVDQHOHPHQWRIWKHVXUIDFH DEV 
WKH HTXDWLRQDFFRUGLQJWRWKH6WRNHVWKHRUHPWDNHVWKHIRUP
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' ³³   )$ ==  ,Q WKHPDJQHWLF ILHOG % ZLWKQRHOHFWULF ILHOG LQ WKHFDVHRID ORRS LQ WKUHHGLPHQVLRQDO U 
VSDFH HTXDWLRQ  LV FRQVLGHUHGZLWKRXW WKH WLPHFRPSRQHQW7KHQ WKHYHFWRUSRWHQWLDO $
SOD\VWKHUROHRI D$  ZKHUHDVWKHPDJQHWLFILHOGIOX[) WKURXJKWKHORRSDFWVDVWKHIOX[
 )   ³³ FHGFHGFH' === VU %$M  D3KDVHDLVJDXJHLQYDULDQWZLWKUHVSHFWWRWUDQVIRUPDWLRQVDQGKHQFHPD\JLYH
ULVH WRREVHUYDEOHSK\VLFDOHIIHFWV
,Q  WKH$KDURQRY%RKPHIIHFW>@VHHDOVR>@FORVHO\UHODWHGWRWKH'LUDFSKDVH
 ZDVUHYHDOHG7KLVHIIHFWLVSXUHO\TXDQWXPLQQDWXUHLWFRQVLVWVLQWKHIROORZLQJD
SDUWLFOHFDQH[SHULHQFHDQHOHFWURPDJQHWLFILHOGLQIOXHQFHLQWKHUHJLRQZKHUHWKHILHOGVWUHQJWK
DE) LV LGHQWLFDOO\ ]HUR ZKLOH WKH SRWHQWLDO D$ LV QRQYDQLVKLQJ 7KH VLPSOHVW PRGHO
GHPRQVWUDWLQJ WKH$KDURQRY%RKPHIIHFW LV WKHHOHFWURQVFDWWHULQJE\DQ LQILQLWH WKLQVROHQRLG
FRQWDLQLQJD IOX[RIDPDJQHWLFILHOG,QGHHGRXWVLGHRI WKHVROHQRLG WKHHOHFWURPDJQHWLFILHOG
HTXDOV]HURZKHUHDVWKHSRWHQWLDOLVQRQ]HUREHFDXVHWKHFRQWRXULQWHJUDO ³ UG$ RIWKHSRWHQWLDO
RYHU WKH ORRSHQFORVLQJ WKH VROHQRLGVKRXOGEHHTXDO WR WKHQRQYDQLVKLQJPDJQHWLF IOX[ LQ WKH
VROHQRLG :KHQFRQVLGHULQJWKHHOHFWURQVFDWWHULQJE\DVROHQRLGDFFRXQWPXVWEHWDNHQRIWKH
TXDQWXP LQWHUIHUHQFH HIIHFWV RI DOO SRVVLEOH HOHFWURQ WUDMHFWRULHV $V D UHVXOW WKH WUDMHFWRULHV
E\SDVVLQJWKHVROHQRLGIURPRSSRVLWHVLGHVZLOODFTXLUHWKH'LUDFSKDVHGLIIHUHQFHZKLFK
FDQ EH JLYHQ LQ WKH IRUPRI(TD LQ WHUPVRI WKHPDJQHWLF IOX[ LQ WKH VROHQRLG ,W LV WKLV
LQWHUIHUHQFH HIIHFWWKDWLVREVHUYHGH[SHULPHQWDOO\%HVLGHVWKHVDPHHIIHFWFDXVHVWKHGHYLDWLRQ
RI WKHQDUURZHOHFWURQEHDPGXULQJLWVVFDWWHULQJRQDQLQILQLWHWKLQVROHQRLG>@
,Q WKHFRQWHPSRUDU\JHRPHWULF ODQJXDJHYDULRXVILHOGVDUHGHVFULEHGDVJDXJHILHOGVVHH
IRU H[DPSOH >@$W WKDW WKHJDXJHSRWHQWLDO LV WKHFRQQHFWLRQ LQ WKHSULQFLSDOEXQGOHRYHUD
VSDFH DU ZLWK VRPH VWUXFWXUDO JURXS *  ZKLOH D WHQVRURI WKHJDXJH ILHOG LV WKH WHQVRURI WKH
FXUYDWXUHDVVRFLDWHGZLWKWKLVFRQQHFWLRQ,QWKLVZD\WKHHOHFWURPDJQHWLFILHOGLVWKHJDXJHILHOG
ZLWK WKH VWUXFWXUDO JURXS  8  7KH VWUXFWXUDO JDXJH JURXS GHVFULEHV WKH V\PPHWU\ RI WKH
HTXDWLRQV ZLWK UHVSHFW WR FRUUHVSRQGLQJ ORFDO JDXJH WUDQVIRUPDWLRQV RI WKH ZDYH IXQFWLRQ
 \\ DUJo  *J  WKHVHFRQGHTXDWLRQDLQWKHFDVHRIDQHOHFWURPDJQHWLFILHOG7KH
JDXJH ILHOG LV LQWURGXFHG H[DFWO\ WR PDNH WKH SDUWLFOH PRWLRQ HTXDWLRQ LQYDULDQW XQGHU WKHVH
WUDQVIRUPDWLRQV 7KLV JDXJH ILHOG LQ LWV WXUQ LV DOVR WUDQVIRUPHG LQ D FHUWDLQ ZD\ WKH ILUVW
HTXDWLRQDIRUHOHFWURPDJQHWLFILHOG7KXVLIWKHSRWHQWLDO D$ GHWHUPLQHVWKHFRQQHFWLRQLQ
WKH SULQFLSDOEXQGOHH[SUHVVLRQVDQGIRUWKH'LUDFSKDVHGHILQHQRWKLQJEXWWKHODZRI
WKH SDUDOOHO WUDQVSRUWRI WKHYHFWRU2EYLRXVO\ WKHSKDVHM RI WKHZDYHIXQFWLRQUHSUHVHQWVD
RQHGLPHQVLRQDOYHFWRULQWKHEXQGOHOD\HUZKHUHWKHJURXS  8 DFWV
77:X DQG &K1<DQJ KDYH VKRZQ LQ >@ WKDW RQH FDQ XVH WKH FRUUHVSRQGLQJ SKDVH
IDFWRU RI WKH ZDYH IXQFWLRQ WR FRPSOHWHO\ GHVFULEH WKH JDXJH ILHOG 7KXV DOO HOHFWURPDJQHWLF
SKHQRPHQD FDQ EH GHULYHG IURP WKH 'LUDF SKDVH   ,Q RWKHU ZRUGV TXRWLQJ >@
HOHFWURPDJQHWLVPLVWKHJDXJHLQYDULDQWPDQLIHVWDWLRQRIWKHQRQLQWHJUDEOH'LUDFSKDVHIDFWRU
7KLV NLQGRIWKHµSKDVH¶DSSURDFKWRWKHJDXJHILHOGWKHRU\ZLOOEHRIXVHEHORZ
 +HUPLWLDQ +DPLOWRQLDQ RQ WKH SDUDPHWHU VSDFH DQG %HUU\ SKDVH ,Q 
09%HUU\PDGHDQLQWHUHVWLQJGLVFRYHU\>@+HVWXGLHGWKHWUDQVSRUWRIWKHHLJHQVWDWHYHFWRURI
D SDUWLFOHGHVFULEHGE\WKH+HUPLWLDQPDWUL[+DPLOWRQLDQ +Ö  +HUHDQGIXUWKHUZHHTXLSDOOWKH
YDOXHVDVVRFLDWHGZLWKWKHPDWULFHVZLWKFDSV,WZDVDVVXPHGWKDWWKH+DPLOWRQLDQGHSHQGHGRQ
VHYHUDO LQGHSHQGHQW SDUDPHWHUV   ++ ÖÖ   ZKLFK LQ WKHLU WXUQ GHSHQGHG VRPHKRZ RQ
LQGHSHQGHQW YDULDEOHV WLPH IRU H[DPSOH 7KXV WKH SUREOHP RI WKH +DPLOWRQLDQ HLJHQYHFWRU
WUDQVSRUW ZDVDQDO\]HGLQWKH VSDFHRIWKHSDUDPHWHUV5XQQLQJDKHDGLWVKRXOGEHQRWHGWKDW
RUGLQDU\FRRUGLQDWHV WKHPRPHQWXPRIWKHSDUWLFOHDVZHOODVVRPHDEVWUDFWSDUDPHWHUVPLJKW
DFWLQYDULRXVSUREOHPVDVWKH SDUDPHWHUV7KHHVVHQFHRI%HUU\¶VGLVFRYHU\LVWKDWWKHVSDFH
RI SDUDPHWHUV FRQVLGHUHG ZDV IRXQG WR SRVVHVV QRQWULYLDO FRQQHFWLRQ ÖÖ $$  XQGHU WKH
SDUDOOHO WUDQVSRUW RI WKH +DPLOWRQLDQ HLJHQYHFWRUV >@ 7KLV IDFW KDV UHVXOWHG LQ WKH
QRQLQWHJUDEOH WHUP LQ WKHSDUWLFOH¶VSKDVHZKLFK LVVLPLODU WR WKH'LUDFSKDVH DQG
D ZLWKWKHFRQQHFWLRQ$Ö 
$ G% ³ ÖM  
7KH DQDORJ\ ZLWK WKH 'LUDF SKDVH LV TXLWH QDWXUDO VLQFH WKH QRUPDOL]HG HLJHQYHFWRU RI WKH
+HUPLWLDQPDWUL[LVGHWHUPLQHGXSWRDQDUELWUDU\SKDVHIDFWRU  ILH[S  WKDWLVLWSRVVHVVHVWKH
ORFDO JDXJH V\PPHWU\  8 VHH5HPDUN  EHORZ OLNH WKHZDYH IXQFWLRQ RI D SDUWLFOH LQ DQ
HOHFWURPDJQHWLF ILHOG GRHV 7KH QRQLQWHJUDEOH SKDVH WKDW WKH HLJHQYHFWRUV RI WKH +HUPLWLDQ
+DPLOWRQLDQ SRVVHVV LV FDOOHG %HUU\ SKDVH RU WKH JHRPHWULF WRSRORJLFDO SKDVH 7RGD\ WKLV
SKHQRPHQRQ LV ZHOO VWXGLHG WKHRUHWLFDOO\ DQG UHSHDWHGO\ REVHUYHG H[SHULPHQWDOO\ VHH IRU
H[DPSOH>±@DQG5HIHUHQFHVWKHUH
,W WXUQV RXW WKDW WKH QRQWULYLDO FRQQHFWLRQ $Ö RFFXUV LQ WKH SDUDPHWHU VSDFH GXH WR WKH
SUHVHQFH RIWKHSRLQWVRIGHJHQHUDF\WHUPLQWHUVHFWLRQVRIWKHHLJHQYDOXHVRIWKH+DPLOWRQLDQLQ
TXHVWLRQ 7KHVHSRLQWVRIGHJHQHUDF\DFWDV WKHDQDORJVRIPDJQHWLFPRQRSROHVRUWRSRORJLFDO
FKDUJHV ZLWK WKH &KHUQ QXPEHUV GXULQJ LQGHSHQGHQW DGLDEDWLF HYROXWLRQ RI WKH SDUWLFOH
HLJHQVWDWHV >±@ VHH DOVR >@ +HQFH LI WKH GHJHQHUDF\ DQG WKH FRQWRXU DORQJ ZKLFK WKH
SDUWLFOHPRYHV LQ WKH VSDFHGRQRW OLH LQ WKHVDPHSODQHZKLFKLVDJHQHULFFDVH WKHQWKH
QRQ]HUR DQDORJ RI WKH PDJQHWLF IOX[ WKURXJK WKLV FRQWRXU H[LVWV DQG WKH HLJHQVWDWH ZDYH
IXQFWLRQDFTXLUHVWKHDQDORJXHWRWKH'LUDFSKDVHD,WLVVLJQLILFDQWWKDWLQWKHJHQHULFFDVH
RI WKH+HUPLWLDQ+DPLOWRQLDQ WKH VSDFH LQZKLFK WKH GHJHQHUDFLHV DSSHDU DV SRLQWV LV 
GLPHQVLRQDO >±@ 7KLV UHVXOW JRHV EDFN WR 9RQ1HXPDQQ DQG :LJQHU¶V SDSHU >@ 7KH
FXUYDWXUH ÖÖ ))  DVVRFLDWHG ZLWK %HUU\¶V FRQQHFWLRQ $Ö WXUQV RXW WR EH QRQ]HUR LQ WKH
DGLDEDWLF DSSUR[LPDWLRQ DQG RFFXUV LQ WKH H[SUHVVLRQ IRU WKH%HUU\ SKDVH IRU ORRSV LQ WKH 
VSDFHLQWKHVDPHPDQQHUDVWKHPDJQHWLFILHOG% GRHVLQ(TD
 VGG DGDGDG% ³³    ÖÖ )$M  
+HUH VG LVWKHRULHQWHGHOHPHQWRIDUHDLQWKH VSDFHDQGWKHVXSHUVFULSWV DG VWUHVVWKDWWKLV
IRUPXOD LV WUXH LQ DGLDEDWLF DSSUR[LPDWLRQ RQO\ VHH EHORZ ,W ZLOO EH VKRZQ EHORZ WKDW LQ
DGLDEDWLF DSSUR[LPDWLRQ IRU+DPLOWRQLDQZLWKRXW JOREDO GHJHQHUDWLRQV DOOPDWUL[ TXDQWLWLHV LQ
(T DUH GLDJRQDO7KHLUVGLIIHUHQW HLJHQYDOXHV FRUUHVSRQG WRGLIIHUHQW HLJHQ VWDWHVRI WKH
SDUWLFOH$VPHQWLRQHGDERYHLQWKLVVLWXDWLRQWKHFRQILJXUDWLRQRI Ö DG) FRUUHVSRQGVWRWKHILHOG
RI WKH PDJQHWLF PRQRSROH LQ RWKHU ZRUGV LW KDV WKH &RXORPEW\SH VLQJXODULWLHV DW WKH
GHJHQHUDFLHVLQWKHJHQHULFFDVH
 7KH VSLQ JDXJH ILHOG7KH DQDORJ\ EHWZHHQ WKH QRWLRQV RI WKH FRQQHFWLRQ DQG WKH
JDXJH ILHOG OHDGV LPPHGLDWHO\ WR WKH LGHD RI WUHDWLQJ WKH DERYHFRQVLGHUHG QRQWULYLDO %HUU\¶V
FRQQHFWLRQ $Ö DV VRPHJDXJHSRWHQWLDO$W WKH VDPH WLPH WKHSUHVHQFHRI VRPHQRQ]HUR ILHOG
WHQVRUFXUYDWXUH Ö DG) PXVWQRWRQO\DIIHFWWKHSDUWLFOHSKDVHEXWDOVRKDYHDGLUHFWIRUFHDFWLRQ
RU KDYHDQLQIOXHQFHRQWKHSDUWLFOHWUDQVSRUW
,QGHHG MXVW DIWHU WKH GLVFRYHU\ RI WKH %HUU\ SKDVH WKH PDQLIHVWDWLRQV RI WKH VRFDOOHG
JHRPHWULF IRUFHZHUHUHYHDOHG>@$QGDOPRVWVLPXOWDQHRXVO\ZLWKWKHGLVFRYHULQJRIWKH
%HUU\ SKDVH '-7KRXOHVV SURSRVHG D PHFKDQLVP RI DGLDEDWLF WUDQVSRUW RI SDUWLFOHV >@
5HFHQWO\WKLVOHDGWRGLVFRYHU\DQGLQWHQVLYHUHVHDUFKRIFKDUJH DGLDEDWLFSXPSLQJ>@ DQG
ODWHU VSLQ DGLDEDWLF SXPSLQJ >@ $W WKH VDPH WLPH WKH DXWKRUV RI WKH ZRUNV >@
GHVFULEHG WKHHPHUJHQFHRI WKHFKDUJHDQGVSLQGLVVLSDWLRQOHVVFXUUHQWVRISDUWLFOHV LQYDULRXV
VROLGV1RZLWLVFOHDUWKDWDOOWKHPHQWLRQHGSKHQRPHQDVKDUHWKHVDPHQDWXUHWKDWLVFRQQHFWHG
WR WKH%HUU\SKDVHDQGFRUUHVSRQGLQJJDXJHILHOGVDQGFDQEHDVFULEHGWRWKH WRSRORJLFDOVSLQ
WUDQVSRUWRISDUWLFOHVWKHFKDUJHWUDQVSRUWLVVLPSO\WKHVXPRIWKHVSLQWUDQVSRUWVRYHUDOOVSLQ
VWDWHV 7KH GLIIHUHQFH EHWZHHQPDQLIHVWDWLRQV RI WKH JHRPHWULF IRUFHV DQG DGLDEDWLF SXPSLQJ
>@ RQRQHKDQGDQGGLVVLSDWLRQOHVVFXUUHQWVZKLFKDUHFRQVLGHUHGLQ>@ RQWKHRWKHU
DPRXQWVMXVWWRWKDWWKHJDXJHILHOGDFWVLQWKHIRUPHUFDVHRQWKHUHDOVSDFHDQGWLPHZKLOHLQ
WKH ODWWHU FDVH LW DFWV RQ WKH PRPHQWXP VSDFH 7KH FRPPRQQHVV RI WKHVH FDVHV LV VKRZQ LQ
SDSHUV>@7RSRORJLFDOVSLQWUDQVSRUWLVLQYHVWLJDWHGQRZDOVRIRUUHODWLYLVWLFSDUWLFOHVLQ
WKH'LUDFHTXDWLRQIUDPHZRUN>@DQGIRUSKRWRQVLQJHRPHWULFDORSWLFVDSSUR[LPDWLRQ>@
7KHWRSLFRIWRSRORJLFDOVSLQWUDQVSRUWDWWUDFWVQRZDQLQWHQVHLQWHUHVW,WLVVXSSRVHGWKDW
WKHPHQWLRQHGHIIHFWVZLOODVVLVWLQFRQWUROOLQJDQGGLUHFWLQJWKHHYROXWLRQRIYDULRXVVSLQVWDWHV
RI SDUWLFOHV DQG SOD\ D JUHDW UROH LQ VSLQWURQLFV7KHGHYHORSHG IUDJPHQWVRI WKH WKHRU\RI WKH
SDUWLFOH PRWLRQ LQ WKH JDXJH ILHOGV Ö DG$ DQG Ö DG) KDYH LPPHGLDWHO\ H[SODLQHG YDULRXV
H[SHULPHQWDOO\ REVHUYHG SK\VLFDO SKHQRPHQD VXFK DV WKH DQRPDORXV +DOO HIIHFW
>@ HOHFWULF SRODUL]DWLRQ RI VROLGV >@ DQG WKH RSWLFDO 0DJQXV HIIHFW
>@ DV ZHOO DV SUHGLFW QRYHO SKHQRPHQD OLNH VSLQ +DOO HIIHFW
>@ DQG WRSRORJLFDO VSLQ VSOLWWLQJ >@ $OO RI WKHVH
SKHQRPHQDDUHQRWKLQJEXWPDQLIHVWDWLRQVRI%HUU\¶VJDXJHILHOGV $Ö DQG )Ö LQWKHHTXDWLRQVRI
PRWLRQDQGHYROXWLRQRISDUWLFOHV
7KH %HUU\SKDVHDQGWKHILHOGV $Ö DQG )Ö DUHIUHTXHQWO\DVVRFLDWHGZLWKWKHSDUWLFOHVSLQ
7KH SRLQW LV WKDW WKHVH SKHQRPHQD DULVH RQO\ LI WKH SDUWLFOH LV GHVFULEHG E\ D YHFWRU
PXOWLFRPSRQHQW ZDYH IXQFWLRQZKLOH WKH+DPLOWRQLDQ LVDFFRUGLQJO\JLYHQE\ WKH+HUPLWLDQ
PDWUL[7KHVLPSOHVWFDVHRIVXFKVLWXDWLRQ LVDSDUWLFOHZLWKDVSLQ$OWKRXJK WKHIDFW WKDW WKH
ZDYH IXQFWLRQ LV PXOWLFRPSRQHQW LV QRW QHFHVVDULO\ DVVRFLDWHG ZLWK D VSLQ DQ DQDORJRXV
VLWXDWLRQWDNHVSODFHIRUH[DPSOHLQWKHSUREOHPVRIDWRPLFVFDWWHULQJ>@ ZHZLOOUHVWULFW
RXU FRQVLGHUDWLRQ WR WKLV VLWXDWLRQRQO\7KXV WKHSRWHQWLDO $Ö WKH ILHOG )Ö  ZLOOEHQDPHG WKH
VSLQ JDXJHSRWHQWLDOILHOG
:H QRZ WXUQ RXU DWWHQWLRQ WR WKH FRQVLVWHQW TXDOLWDWLYH GHVFULSWLRQ RI WKLV JDXJH ILHOG
$VVXPHWKDWWKHSDUWLFOHZLWKDVSLQLVGHVFULEHGE\WKHZDYHIXQFWLRQ\G RI tQ FRPSRQHQWV
ZHZLOOGHQRWHPXOWLFRPSRQHQWZDYHIXQFWLRQZLWKDDUURZ,QWKHFDVHRIWKHVFDODUVLQJOH
FRPSRQHQW IXQFWLRQ \ FRQVLGHUHG LQ 6XEVHFWLRQ  LW LV QDWXUDO WR UHTXLUH WKH HTXDWLRQV¶
LQYDULDQFHZLWKUHVSHFWWRWKHJDXJHWUDQVIRUPDWLRQVRIWKHXQLWDU\JURXS  8  ZKLFKUHVXOWVLQ
WKH LQWURGXFWLRQ RI WKH HOHFWURPDJQHWLF ILHOG )RU WKH PXOWLFRPSRQHQW IXQFWLRQ \G  LW ZRXOG
DSSHDUUHDVRQDEOHWRJHQHUDOL]HWKLVUHTXLUHPHQWE\GHPDQGLQJWKHJDXJHLQYDULDQFHZLWKUHVSHFW
WR WKH WUDQVIRUPDWLRQVRI WKHXQLWDU\JURXS  Q8  ,W LV MXVW WKHVH WUDQVIRUPDWLRQV WKDW OHDYH WKH
DEVROXWH YDOXH RI WKH ZDYH IXQFWLRQ WKH REVHUYDEOH YDOXH LQYDULDQW 1RWH WKDW     QQ 6888 u  DQGWKHJDXJHSRWHQWLDO LQ  8 GHVFULEHVWKHHYROXWLRQRIDSDUWLFOHVFDODU
FKDUDFWHULVWLFZKLFKLVQDWXUDOO\DVVRFLDWHGZLWKDQHOHFWULFFKDUJH ZKLOHWKHJDXJHSRWHQWLDOLQ Q68 GHVFULEHV WKH QRQWULYLDO G\QDPLFV DVVRFLDWHG ZLWK WKH HYROXWLRQ RI WKH YHFWRU LQWHUQDO
FKDUDFWHULVWLFRIDSDUWLFOHVXFKDVVSLQVHH >@
7KHJURXS  Q8 LVQRQ$EHOLDQDQGKHQFH WKHVSLQJDXJHSRWHQWLDO $Ö LV LQ WKHJHQHUDO
FDVH QRQ$EHOLDQ DVZHOO$V LVNQRZQ>@XQGHU WKHJDXJH WUDQVIRUPDWLRQV WKHQRQ$EHOLDQ
JDXJH SRWHQWLDOLVWUDQVIRUPHGDORQJZLWKWKHZDYHIXQFWLRQDV
 $$ w
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
ZKHUH    Q8 8Ö LV D ORFDO XQLWDU\ WUDQVIRUPDWLRQ 6LQFH ZH KDYH QR SK\VLFDO HYLGHQFHV
REVHUYDEOHGDWD IRUDSDUWLFOHZLWKDVSLQVXSSRUWLQJ WKHH[LVWHQFHRIDFHUWDLQSK\VLFDO ILHOG
FRUUHVSRQGLQJWRWKHJURXS  Q8  DVVXPH Ö {$ LQWKHLQLWLDOIUDPHRIUHIHUHQFHLQZKLFKWKH
HTXDWLRQV DUH IRUPXODWHG 7KHQ DQ DUELWUDU\ XQLWDU\ WUDQVIRUPDWLRQ ZLOO LQGXFH D SXUH JDXJH
SRWHQWLDOVHH(T
 $ w
w  88L ÖÖÖ   
7KH ]HURILHOGFXUYDWXUHFRUUHVSRQGVWRWKLVSRWHQWLDO
 > @ {wwww MLMLLMLM $$L$$) ÖÖÖÖÖ  
)URP KHUH RQ VTXDUH EUDFNHWV GHQRWH D FRPPXWDWRU 7KHUHIRUH D SXUH JDXJH ILHOG (TV
 KDV QR IRUFH HIIHFW RQ WKH SDUWLFOH +RZHYHU WKH QRQ$EHOLDQ JDXJH ILHOG SRVVHVVHV D
QXPEHURIIHDWXUHVWKDWGLVWLQJXLVKLWIURPWKHXVXDO$EHOLDQHOHFWURPDJQHWLFILHOG6SHFLILFDOO\
IRU WKH QRQ$EHOLDQ ILHOG LWV IOX[ WKURXJK D FORVHG FRQWRXU FDQQRW EH GHILQHG ,QGHHG WKH
GLYHUJHQFHRI WKHQRQ$EHOLDQILHOGLVQRQ]HURVHH>@ZKLOH WKHWHUPLQWKHLQWHJUDQGLQWKH
6WRNHVIRUPXODZKLFKLVVLPLODUWR(TVLVQRWDILHOGWHQVRU7KDWLVZK\IRUPXOD
 LVQRWWUXHEH\RQGWKHOLPLWVRI$EHOLDQDGLDEDWLFDSSUR[LPDWLRQ$VLVVKRZQLQ>@LWLV
QDWXUDO WR XVH WKH SKDVH FRQWRXU LQWHJUDO $ G³ Ö LQVWHDG RI WKH IOX[ IRU WKHQRQ$EHOLDQ ILHOG
7KLV YDOXHLVQRQ]HURHYHQIRUSXUHJDXJHSRWHQWLDODQGDVZLOOEHVHHQPD\JLYHULVHWR
REVHUYDEOHSK\VLFDOHIIHFWV7KLVYDOXHLVLPSRUWDQWLQWKHWKHRULHVRIQRQ$EHOLDQILHOGVDQGLV
JLYHQ LQWHUPVRIWKHSKDVHIDFWRUOLNH  $ GL³ ÖH[S3  ZKLFKLVFDOOHGWKH:LOVRQORRS>@+HUH
3 LV WKH RSHUDWRU RI FKURQRORJLFDO RUGHULQJ 7KLV IDFWRU LV WUDQVIRUPHG FRYDULDQWO\ DQG PD\
UHVXOWVLQWKHREVHUYDEOHSK\VLFDOHIIHFWVHYHQZLWK]HURILHOGVWUHQJWK>@
1RWHWKDWDPRQJDOOSRVVLEOHXQLWDU\WUDQVIRUPDWLRQV \\ GG 8Öo  VRPHWUDQVIRUPDWLRQVDUH
VSHFLDO LQ D FHUWDLQ VHQVH 1DPHO\ D XQLWDU\ WUDQVIRUPDWLRQ PRUH SUHFLVHO\ D IDPLO\ RI WKH
XQLWDU\ WUDQVIRUPDWLRQV H[LVWV WKDW EULQJV WKH LQLWLDO +HUPLWLDQ +DPLOWRQLDQ LQWR WKH GLDJRQDO
IRUP G+8+8 ÖÖÖÖ     7KLVWUDQVIRUPDWLRQLPSOLHVWKHSDVVDJHWRDORFDOEDVLVDVVRFLDWHGZLWKWKH
+DPLOWRQLDQ HLJHQYHFWRUV$W WKDW WKH+DPLOWRQLDQ DFTXLUHV D GLDJRQDO IRUPZKLFK VLPSOLILHV
WKH VROXWLRQRI WKHHTXDWLRQKRZHYHUQRQGLDJRQDOSXUHJDXJHSRWHQWLDO  LV LQWURGXFHG ,Q
HVVHQFHLWGHVFULEHVDFHUWDLQLQHUWLD ZKLFKDULVHVLQDWWHPSWLQJWRIROORZORFDOO\WKHEDVLVRIWKH
+DPLOWRQLDQHLJHQYHFWRUV7KXVZLWKGLDJRQDOL]DWLRQWUDQVIRUPDWLRQOLNHZHDFWXDOO\
UHSODFH WKH QRQWULYLDO QRQGLDJRQDO PDWUL[ VWUXFWXUH RI WKH LQLWLDO +DPLOWRQLDQ ZLWK QRQ
GLDJRQDOLQGXFHGJDXJHSRWHQWLDO
' H I L Q L W L R Q  , 3XUH JDXJH SRWHQWLDO  WKDW FRUUHVSRQGV WR WKH ORFDO XQLWDU\
WUDQVIRUPDWLRQ  8Ö VXFKWKDWWKH+DPLOWRQLDQ 8+8 ÖÖÖ  DFTXLUHVDGLDJRQDOIRUPZLOOEHFDOOHG
WKH VSLQJDXJHSRWHQWLDO
7KXV ZH DFWXDOO\ FRQVLGHU D SDUWLFOH ZLWK D VSLQ DV D PXOWLSOHW RI LQGHSHQGHQW VFDODU
SDUWLFOHV YDULRXV VSLQ VWDWHV LQ WKH H[WHUQDO VSLQ JDXJH ILHOG   7KLV JDXJH ILHOG
GHVFULEHV FRPSOHWHO\ WKHQRQWULYLDOHYROXWLRQRI LVRODWHGVWDWHVDQG WKH WUDQVLWLRQVEHWZHHQ WKH
VWDWHV
1RWLFHWKDWVSLQJDXJHSRWHQWLDOLVQRWGHILQHGXQLTXHO\,QGHHGWKHUHH[LVWDIDPLO\
RI XQLWDU\PDWULFHV8Ö WKDWGLDJRQDOL]HWKH+HUPLWLDQPDWUL[7KLVIDPLO\LVDVVRFLDWHGZLWKWKH
DPELJXLW\LQWKHGHILQLWLRQRIDV\VWHPRIQRUPDOL]HGHLJHQYHFWRUVRIWKH+HUPLWLDQPDWUL[(DFK
HLJHQYHFWRULVGHILQHGXSWRDQDUELWUDU\SKDVHIDFWRUOLNH  H[S LI VHH5HPDUNEHORZ$VD
UHVXOW WKHORFDOWUDQVIRUPDWLRQ
  \I\ GG ÖH[S Lo RU  IÖH[SÖÖ L88 o  ZKHUH  QIII GLDJÖ  
GRHV QRW FKDQJH WKH GLDJRQDOL]LQJ SURSHUWLHV RI WKH PDWUL[ 8Ö  &RQVHTXHQWO\ WUDQVIRUPDWLRQ
 VSHFLILHVWKHWUDQVIRUPDWLRQRIWKHORFDOJDXJHLQYDULDQFHRIDVSLQJDXJHSRWHQWLDO:LWK
WUDQVIRUPDWLRQVLWFKDQJHVDV
 $$ w
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,W IROORZV FRPSDUH ZLWK (TD WKDW JDXJH WUDQVIRUPDWLRQV   RI VSLQ JDXJH
SRWHQWLDO  FRUUHVSRQG WR WKH $EHOLDQ VXEJURXS      
	
Q
Q  888 uu RI WKH LQLWLDO JURXS
 Q8  ,QSDUWLFXODUWKLVLPSOLHVWKDWLQWKHDGLDEDWLFDSSUR[LPDWLRQZKHUHDOOWKHVSLQVWDWHVDUH
FRQVLGHUHG DV LQGHSHQGHQW RQHV WKH DFWLRQ RI WKH JDXJH JURXS  Q8 LV DFFRXQWDEOH IRU Q
LQGHSHQGHQW  8 JDXJHILHOGVZKLFKDUHVLPLODUWRWKHHOHFWURPDJQHWLFILHOGVHHEHORZ
5 HPDUN, ,QWKLVSDSHUZHGLVFXVVDSDUWLFOHZLWKQRQGHJHQHUDWHOHYHOVWKDWLVZLWK
WKH GLVWLQFW+DPLOWRQLDQ HLJHQYDOXHV WKH\PD\ FRLQFLGH RQO\ DW WKH LQWHUVHFWLRQ SRLQWV RI WKH
WHUPV *HQHUDOO\ ZKHQ D OHYHO KDV D FRQVWDQW N IROG GHJHQHUDF\ WKH FRUUHVSRQGLQJ JDXJH
VHFWRU LVJLYHQE\WKHQRQ$EHOLDQJURXS  N8 VHH>@7KLVVHFWRULVFRQVHUYHG
DIWHUUHGXFLQJWRWKHDGLDEDWLFDSSUR[LPDWLRQVHHEHORZ
1RZOHWXVGHVFULEH WKHDFWLRQRIVSLQJDXJHILHOGRQWKHSDUWLFOHHYROXWLRQ6RZH
GLDJRQDOL]H WKH+HUPLWLDQ+DPLOWRQLDQ E\ LQWURGXFLQJ SXUHJDXJHQRQ$EHOLDQSRWHQWLDO 
IRU ZKLFK WKHIOX[DQDORJXH LVQRQ]HUR Ö z³$ G  1RWH WKDWXQGHU WKHJDXJH WUDQVIRUPDWLRQV Q8  (TV  WKHJUDGLHQW WHUP ww ÖI GRHVQRWFRQWULEXWHLQWRWKLVYDOXH+HQFH
WKH LQWHJUDQGLVLQIDFWWUDQVIRUPHGFRYDULDQWO\DQGWKHYDOXH Ö z³$ G FDQEHREVHUYDEOH7KLV
FDXVHV %HUU\SKDVHWRRFFXUDQGFRQVHTXHQWO\ZHFDQREVHUYHWKHLQWHUIHUHQFHHIIHFWVDNLQ
WR WKH $KDURQRY%RKP HIIHFW LQ DQ HOHFWURPDJQHWLF ILHOG $V PHQWLRQHG DERYH WKH LQWHJUDO
$ G³ Ö LVGHWHUPLQHGE\WKHRULHQWDWLRQRIWKHLQWHJUDWLRQFRQWRXUZLWKUHVSHFWWRWKHGHJHQHUDF\
SRLQWVRIWKH+DPLOWRQLDQHLJHQYDOXHVZKLFKSOD\WKHUROHRIµPDJQHWLFPRQRSROHV¶6WUXFWXUHV
RI WKHµPDJQHWLFPRQRSROH¶ W\SHIRUQRQ$EHOLDQILHOGVDQG WKHQRQ$EHOLDQDQDORJXHVIRU WKH
$KDURQRY%RKPHIIHFWZHUHILUVWGLVFXVVHGLQ>@7RDOODSSHDUDQFHZHDUHGHDOLQJKHUHZLWK
H[DFWO\ VXFK HIIHFWV $W WKH VDPH WLPH ERWK SXUHO\ SKDVH HIIHFWV %HUU\ SKDVH DQG YDULRXV
WUDQVSRUW HIIHFWV VLPLODU WR 6KHODQNRY GLVSODFHPHQW >@ PD\ DULVH 7KH ODWWHU FRUUHVSRQG WR
YDULRXVPDQLIHVWDWLRQVRIWKHWRSRORJLFDOVSLQWUDQVSRUW>@
,W LVYLWDO WRQRWH WKH IXQGDPHQWDOGLIIHUHQFHEHWZHHQ WKHV\VWHP¶VJHRPHWU\LQWKH%HUU\
FDVH XQGHUFRQVLGHUDWLRQDQGLQWKHFDVHRIWKHHOHFWURPDJQHWLF$KDURQRY%RKPHIIHFW,QGHHG
IRU WKH LQILQLWH WKLQ VROHQRLG ZH KDYH D GLPHQVLRQDO VLQJXODULW\ D OLQH LQ D GLPHQVLRQDO
VSDFH +HQFH WKH JHRPHWU\ RI WKH SDUWLFOH PRWLRQ LQ WKH $KDURQRY%RKP HIIHFW LQ IDFW LV 
GLPHQVLRQDO RQHPD\GLVUHJDUGWKHFRRUGLQDWHGLUHFWHGDORQJWKHVROHQRLG7KLVLQSDUWLFXODU
UHVXOWV LQ WKHRQHWRRQH UHODWLRQEHWZHHQ'LUDFSKDVH D DQG WKH IOX[ LQ WKH VROHQRLGDQG
FRQVHTXHQWO\WKH'LUDFTXDQWL]DWLRQFRQGLWLRQVIROORZ$VWRWKHFDVHRIWKHGHJHQHUDF\SRLQWV
RI WKH+HUPLWLDQ+DPLOWRQLDQSDUDPHWHUVSDFHWKHVLQJXODULWLHVKDYHWKHGLPHQVLRQDOLW\RI]HUR
SRLQWV DQG WKHJHRPHWU\RI WKHSDUWLFOHHYROXWLRQ LVGLPHQVLRQDO 7KLVJLYHV WKHDGGLWLRQDO
GHJUHH RI IUHHGRP DQG DV D FRQVHTXHQFH %HUU\ SKDVH  LV GHWHUPLQHG QRW RQO\ E\ WKH
µWRSRORJLFDO FKDUJH¶ RI WKH VLQJXODULW\ EXW DOVR E\ WKH VSDWLDO RULHQWDWLRQ RI WKH FRQWRXUZLWK
UHVSHFWWRWKLVVLQJXODULW\
,QVXPPDU\EDVHGRQWKHµSKDVH¶IRUPDOLVPGHYHORSHGLQ>@IRUJDXJHILHOGVE\DQDORJ\
ZLWK WKHVWDWHPHQWTXRWHGDWWKHHQGRI6XEVHFWLRQZHFDQVD\WKHWRSRORJLFDOVSLQHIIHFWV
DUH WKH JDXJHLQYDULDQW PDQLIHVWDWLRQ RI WKH QRQLQWHJUDEOH %HUU\ SKDVH IDFWRU +HUH JDXJH
LQYDULDQFHZLWKUHVSHFWWRWKHJURXS  Q8 LV LPSOLHG/HW¶VVWUHVVRQFHDJDLQWKDW
WKH LQWURGXFWLRQRI WKHSXUHJDXJHSRWHQWLDO  WRJHWKHUZLWK WKHDWWHQGDQWHIIHFWV LVQRWKLQJ
EXW DPHWKRGWRGHVFULEHWKHVROXWLRQWRWKHLQLWLDOHTXDWLRQZKLFKLVIUHHRIDQ\SK\VLFDOILHOG
$Ö  +RZHYHUIRUDQXPEHURISUREOHPVWKLVZD\WXUQVRXWWREHDYHU\FRQYHQLHQWRQHRUHYHQ
WKH RQO\ RQH SRVVLEOH ,QGHHG IRU DQ HTXDWLRQ ZLWK WKH PDWUL[ RSHUDWRU LWV GLDJRQDOL]DWLRQ LV
H[DFWO\WKHVDPHDVLWVVROXWLRQ
$UHGXFWLRQWRWKHDGLDEDWLFDSSUR[LPDWLRQ7KHDFWLRQRIWKHVSLQJDXJHSRWHQWLDO
 LV PRVW GHVFULSWLYH LQ WKH DGLDEDWLF HYROXWLRQ DSSUR[LPDWLRQ ,Q WKH DGLDEDWLF FDVH WKH
+DPLOWRQLDQ +Ö DQG WKH GLDJRQDOL]LQJ WUDQVIRUPDWLRQ 8Ö DUH VPRRWKO\ GHSHQGHQW XSRQ WKH
SDUDPHWHUV ZKLOH WKH GHULYDWLYHV RI WKHVH YDOXHV DUH VPDOO RI WKH RUGHU RI WKH DGLDEDWLFLW\
SDUDPHWHUH &RQVHTXHQWO\WKHSRWHQWLDOLVDOVRVPDOOLQPDJQLWXGH7KLVJLYHVJURXQGVWR
QHJOHFW LWV RIIGLDJRQDO HOHPHQWV VHH >@ZKLFKFRUUHVSRQGV WRQHJOHFWLQJ WKH WUDQVLWLRQV
EHWZHHQ GLIIHUHQW FXUUHQW SDUWLFOH HLJHQVWDWHV 7KHQ SRWHQWLDO  LV UHGXFHG WR WKH GLDJRQDO
DGLDEDWLFSRWHQWLDO
 ¸¸¹
·¨¨©
§
w
w  $$ 88LDG ÖÖGJÖGJÖ   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
+HUH DQG IXUWKHU WKH RSHUDWRU GJ PDNHV WKH RIIGLDJRQDO PDWUL[ HOHPHQWV YDQLVK :LWK WKH
UHGXFWLRQ  WKHSRWHQWLDO NHHSV LWV SURSHUWLHV DQG WKHSKDVH IRUP $ GDG³ Ö LVQRQ]HURDV
EHIRUH %XW WKH GLDJRQDO SRWHQWLDO  EHFRPHV WKH $EHOLDQ RQH WKH GLDJRQDO PDWULFHV
FRPPXWDWHZKLFK DIIHFWV VXEVWDQWLDOO\ WKHJDXJH ILHOG WHQVRU )Ö  ,QGHHG LQ WKH$EHOLDQFDVH
FRPPXWDWRU LQ (T YDQLVKHV DQG WKH H[SUHVVLRQ IRU WKH WHQVRU Ö DG) WDNHV WKH IRUP RI
(T
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' H I L Q L W L RQ  ,, 7KH$EHOLDQSRWHQWLDO ZKLFK LVFRPSRVHGRI WKHGLDJRQDO
HOHPHQWVRIWKHVSLQJDXJHSRWHQWLDODQGWKHDVVRFLDWHGIRUFHILHOGZLOOEHUHIHUUHGWR
DV WKH DGLDEDWLF VSLQ JDXJH SRWHQWLDO DQG WKH DGLDEDWLF VSLQ JDXJH ILHOG UHVSHFWLYHO\
$OWHUQDWLYHQDPHVDUHWKHµ%HUU\JDXJHSRWHQWLDO¶DQGµ%HUU\JDXJHILHOG¶
7KXVZKHQSDVVLQJRQ WRDGLDEDWLFDSSUR[LPDWLRQ WKHLQWHQVLW\RI WKHJDXJHILHOG
FXUYDWXUHEHFRPHVQRQ]HURZKLOHWKHILHOGLVIRXQGWREHQRWSXUHO\JDXJHEXWWKH
IRUFHRQH7KHUHMHFWLRQRIWKHRIIGLDJRQDOHOHPHQWVRIWKHJDXJHSRWHQWLDOVXEVWDQWLDOO\DIIHFWV
WKHILHOGWHQVRUEHFDXVHWKHILOHGLVDQRQOLQHDUIXQFWLRQRIWKHSRWHQWLDOLQWKHQRQ$EHOLDQFDVH
(T ,W LV HDV\ WR UHDOL]H IURP WKH V\PPHWU\ FRQVLGHUDWLRQV ZK\ LQ WKH DGLDEDWLF
DSSUR[LPDWLRQ ZH DUULYH DW D QHZ QRQWULYLDO ILHOG 7KH SRLQW LV WKDW LQ WKH DGLDEDWLF
DSSUR[LPDWLRQ D G\QDPLF V\VWHP DFTXLUHV Q QHZ LQYDULDQWV DGLDEDWLF LQYDULDQWV RI DFWLRQ
$FFRUGLQJO\ WKHV\VWHPDFTXLUHV Q QHZV\PPHWULHV WKHDQJOH YDULDEOHZKLFKLVFRQMXJDWHWR
WKH FDQRQLFDO DFWLRQ YDULDEOH WXUQV RXW WR E\ F\FOLF ,W LV WKH ORFDO JDXJH LQYDULDQFH RI WKH
HTXDWLRQVZLWKUHVSHFWWRVKLIWVRI Q DQJOHYDULDEOHVWKDWJLYHVULVHWR Q JDXJHILHOGVVLPLODUWR
HOHFWURPDJQHWLF RQHV LQ (TV  DOO WKHVH ILHOGV DUH FRPELQHG LQWR RQH GLDJRQDO
PDWUL[
:LWKLQ WKH OLPLWV RI WKH DGLDEDWLF DSSUR[LPDWLRQ ZH KDYH SDVVHG RQ WR QRQWULYLDO ILHOG
 ZKLFKFDQPDNHDIRUFHDFWLRQRQWKHSDUWLFOHPRWLRQ7KLVILHOGLVGLDJRQDODQGKHQFH
WKH ZKROH SUREOHP LV GLDJRQDOL]HG ,Q YLHZRI WKLV IDFW WKH HYROXWLRQRI VHSDUDWH FRPSRQHQWV
HLJHQVWDWHVFDQEHWUHDWHGLQGHSHQGHQWO\$VDUHVXOWZHKDYH Q QRQWULYLDOILHOGVFRPSRQHQWV
RI (T HDFK DFWLQJ RQ LWV FRUUHVSRQGLQJ VWDWH RI WKH SDUWLFOH DQG SRVVHVVLQJ WKH JDXJH
V\PPHWU\  8 VHH6HFWLRQVDQGEHORZ7KHVHILHOGVDUHLGHQWLFDOZLWKWKHHOHFWURPDJQHWLF
ILHOGVDQGFRQVHTXHQWO\PXVWUHVXOWLQWKHVLPLODUIRUFHWHUPVLQWKHPRWLRQHTXDWLRQV9DULRXV
FDVHVIRUWKHIRUFHLQIOXHQFHRIWKLVILHOGKDYHEHHQGLVFXVVHGLQSDSHUVRQWKHWRSRORJLFDOVSLQ
WUDQVSRUW>@ZKLOHWKHJHQHUDOIRUPRIWKHWKHRU\LVSUHVHQWHGLQWKLVZRUN
7KH WUDQVLWLRQ IURP WKH H[DFW IRUFHOHVV ILHOG   ZLWK WKH $KDURQRY%RKPW\SH
LQWHUIHUHQFH HIIHFWV WR WKH IRUFH DGLDEDWLF ILHOG   LV WKH UHVXOW RI WKH DSSUR[LPDWH
VROXWLRQ GHVFULSWLRQ LQ WKH DGLDEDWLF OLPLW ,Q RWKHUZRUGV WKH WUDQVLWLRQ WR WKH DGLDEDWLF FDVH
UHSODFHVDSXUHO\SKDVHDFWLRQRIH[DFWIRUFHOHVVILHOGZLWKWKHDSSUR[LPDWHHIILFLHQW
IRUFH DFWLRQ RI ILHOG   $FWXDOO\ ERWK RI WKHVH GHVFULSWLRQV KDYH WR JLYH LGHQWLFDO
UHVXOWVZLWKLQWKHDFFXUDF\RIWKHDGLDEDWLFDSSUR[LPDWLRQ
$ERXWWKHSUHVHQWSDSHU,QWKLVZRUNZHSUHVHQWDJHQHUDOWKHRU\RIWKHPRWLRQRID
QRQUHODWLYLVWLFTXDQWXPSDUWLFOHZLWKDVSLQLQH[WHUQDOILHOGVLQFOXGLQJVSLQJDXJHILHOG6SHFLDO
DWWHQWLRQ LV JLYHQ WR WKH DGLDEDWLF FDVH ZKHUH WKH ILHOG Ö DG) LV QRQ]HUR DQG LWV IRUFH DFWLRQ
PDQLIHVWVLWVHOILQWKHPRWLRQHTXDWLRQV:HVKRZWKDWLQWKHJHQHUDOFDVHVSLQJDXJHILHOGVDFW
RYHU WKHJHQHUDOL]HGSKDVHVSDFHRIDSDUWLFOHLHLQWKHFRRUGLQDWHDQGPRPHQWXPVSDFHVDQG
LQ WKHWLPH7KHWKHRU\LVUHGXFHGLQWRFRQYHQLHQWGLPHQVLRQDOIRUPZKHUHWKHDGLDEDWLFVSLQ
JDXJH ILHOGLVVHHQWREHDQDQDORJXHWR Q HOHFWURPDJQHWLFILHOGV7KHRQO\GLIIHUHQFHLVWKDWWKLV
ILHOGDFWVLQDQGLPHQVLRQDOSKDVHVSDFHRIFRRUGLQDWHVDQGPRPHQWXPV
$IWHU SUHVHQWLQJ WKH JHQHUDO WKHRU\ ZH FRQVLGHU D QXPEHU RI FRQFUHWH H[DPSOHV ERWK
NQRZQ DQGQHZQDPHO\DVSLQPRWLRQLQWKHLQKRPRJHQHRXVDQGYDULDEOHPDJQHWLFILHOGD
VSLQ PRWLRQLQHOHFWULFDQGPDJQHWLFILHOGVZLWKFRQVLGHUDWLRQRIWKHVSLQRUELWLQWHUDFWLRQV
DQG HOHFWURPDJQHWLFZDYHVSKRWRQVSURSDJDWLRQLQLQKRPRJHQHRXVGLHOHFWULFPHGLDZLWKLQWKH
OLPLWVRIWKHJHRPHWULFDORSWLFVDSSUR[LPDWLRQ
 1215(/$7,9,67,&7+(25<
 'LDJRQDOL]DWLRQ RI WKH+DPLOWRQLDQ DQG VSLQ JDXJH SRWHQWLDO /HW XV FRQVLGHU D
QRQUHODWLYLVWLF SDUWLFOHZLWK D VSLQ LQ H[WHUQDO ILHOGVZKLFK LV JLYHQE\ DQ QQu +DPLOWRQLDQ
PDWUL[,QWKHJHQHUDOFDVHZHKDYH
  W++ ÖÖ US  D
ZKHUHS DQG U DUHWKHPRPHQWXPDQGWKHFRRUGLQDWHRSHUDWRUVUHVSHFWLYHO\ZKLOH W VWDQGVIRU
WKH WLPH :HZLOOZULWH WKH GLIIHUHQWLDO RSHUDWRUVZLWKRXW KDWV 7KH H[SOLFLW GHSHQGHQFH RQ
WLPHRURWKHUYDULDEOHVLQ(TDFDQEHUHSUHVHQWHGDVWKHFRQYHQLHQFHUHTXLUHVLQWHUPVRI
VRPH VHW RI SDUDPHWHUV DV LQ WKH WKHRU\ RI %HUU\ SKDVH WKH FRQYHUVLRQV EHWZHHQ GLIIHUHQW
UHSUHVHQWDWLRQVDUHH[HPSOLILHGEHORZ6XEVHFWLRQVDQG
$ SDUWLFOHPRWLRQ DV LQ FODVVLFDOPHFKDQLFV FDQ EH IRUPDOO\ SUHVHQWHG RQ WKH H[WHQGHG
SKDVHVSDFH
  WUSP   
6LQFHYDULDEOHVS DQG U DUHQRQFRPPXWLQJRQHFDQTXHVWLRQWKHSRVVLELOLW\RIGLDJRQDOL]DWLRQ
SURFHGXUH RQ P VSDFH DQG RI LQWURGXFWLRQ RI WKH VSLQ JDXJH SRWHQWLDO +RZHYHU LQ WZR
LPSRUWDQWSDUWLFXODUFDVHV VXFKDSSURDFK LVYDOLG)LUVWO\ WKLV LVD IUHTXHQWO\FRQVLGHUHG LQ WKH
OLWHUDWXUH FDVH ZKHQ WKH QRQGLDJRQDO SDUW RI WKH +DPLOWRQLDQ GHSHQGV HLWKHU RQ S RQO\
>@ RURQ U DQG W VHH>@6HFRQGO\WKLVLVWKHVHPLFODVVLFDO
DSSUR[LPDWLRQZKHQDIUHHO\SURSDJDWLQJSDUWLFOHWDNHVWKHIRUPRIDZDYHSDFNHWDQGRQHFDQ
QHJOHFWFRPPXWDWRUVS DQGU >@VHHDOVR6XEVHFWLRQ:HDVVXPHIXUWKHUWKDWZHGHDO
ZLWKRQHRIWKHDERYHPHQWLRQHGFDVHVDQGOHDYHWKHLVVXHRIDQRQGLDJRQDO+DPLOWRQLDQRQWKH
VSDFHRIQRQFRPPXWLQJYDULDEOHVRSHQ,QWHUPVRI(T+DPLOWRQLDQDKDVWKHIRUP
  P++ ÖÖ   
$Q LPSRUWDQWSDUWLFXODUFDVHRI(TLVWKH+DPLOWRQLDQOLQHDULQWKHVSLQRSHUDWRU Ö    P+P  ÖÖÖ = +,+  
+HUH ,Ö LV WKHXQLWRSHUDWRU LQWKHVSLQVSDFH6LQFH Ö LVWKHRSHUDWRUYHFWRUZHVKRXOGWDNHD
VFDODU SURGXFW RI WKLV RSHUDWRUZLWK VRPHRWKHU YHFWRU +  ZKLFK LV JLYHQ LQ(T ,Q WKHSDSHU ZHZLOOFRQVLGHUDJHQHUDOWKHRU\IRU+DPLOWRQLDQZLWKVLPSOHOHYHOVDORQJZLWKWKH
H[DPSOHVRIKRZWRDSSO\WKLVWKHRU\WRWKH+DPLOWRQLDQVOLNH
+DPLOWRQLDQGHVFULEHVDQ Q OHYHOV\VWHPDQG LQDJHQHUDOFDVHKDVDQRQGLDJRQDO
IRUP 'HGXFLQJ WKH LQGHSHQGHQW VSLQ VWDWHV RI WKH V\VWHP LV HTXLYDOHQW WR WKH +DPLOWRQLDQ
GLDJRQDOL]DWLRQ7R GLDJRQDOL]H+DPLOWRQLDQ  OHW XVPDNH WKH WUDQVIRUPDWLRQRIYDULDEOHV
\\ GG 8Öo  ZKLFK LV GHILQHG E\ WKH XQLWDU\ PDWUL[RSHUDWRU  P8Ö  :LWK WKH VLPLODULW\
WUDQVIRUPDWLRQWKH+DPLOWRQLDQEHFRPHVGLDJRQDO
  QG ((8+8+ GLDJÖÖÖÖ      
ZKHUH  PLL ((  DUH WKHFXUUHQWHLJHQYDOXHVRI WKH LQLWLDO+DPLOWRQLDQ +Ö >@:HDVVXPH
WKDW WKHSDUWLFOHGRHVQRWPHHWWKHGHJHQHUDFLHVGXULQJLWVHYROXWLRQ
 ML (( z IRU ML z  
8QGHU GLDJRQDOL]LQJ WUDQVIRUPDWLRQ  RQ WKH P VSDFH D SXUH JDXJH SRWHQWLDO
FRQQHFWLRQRFFXUVVHH6XEVHFWLRQDQG(T
 PP$ w
w  88L ÖÖÖ   
7KLV LVWKHVSLQ JDXJHSRWHQWLDO$Ö RQWKHH[WHQGHGSKDVHP VSDFH2EYLRXVO\LWFDQEHZULWWHQ
LQ WKHVSDFHFRPSRQHQWV
  W$ÖÖÖÖ US $$$   
ZKHUH S$S ww  ÖÖÖ  88L  HWF'XH WR WKH DFWLRQ RI WKH JDXJH SRWHQWLDO  ZH VKRXOG
UHSODFHWKHFRQYHQWLRQDOGHULYDWLYHVZLWKWKHFRYDULDQWRQHV QDPHO\
 $PP Öw
wow
w LL 
RU
S$SS Öw
wow
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wow
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wow
w  D
6LQFH LQWKHFRUUHVSRQGLQJUHSUHVHQWDWLRQVZHKDYH
 US w
w =L  SU w
w =L  WL+ w
w =Ö 
WKH ODVW IRUPXOD LV WKH 6FKU|GLQJHU HTXDWLRQ WKH UHSODFHPHQW RI GHULYDWLYHV ZLWK FRYDULDQW
GHULYDWLYHVDLPSOLHVDVKLIWRIDOOG\QDPLFYDULDEOHVLQWKH+DPLOWRQLDQRULQRWKHUZRUGVD
WUDQVLWLRQWRWKHJHQHUDOL]HGYDOXHV

$VDUHVXOWRIWKHWUDQVLWLRQWRWKHJHQHUDOL]HGG\QDPLFYDULDEOHVXQGHUWKHDFWLRQRIJDXJH
SRWHQWLDOWKHGLDJRQDOL]HG+DPLOWRQLDQVKRXOGEHZULWWHQDV
   WG $W++ ÖÖÖÖÖ ===  SU $5$3  
+HUH
 U$S3 Ö=  S$U5 Ö= 
DUH WKHJHQHUDOL]HGRUFDQRQLFDOPRPHQWXPDQGFRRUGLQDWHVUHVSHFWLYHO\ZKHUHDVS DQGU DUH
WKH RUGLQDU\FRYDULDQWRQHV+DPLOWRQLDQLVH[DFWDQGUHSUHVHQWVWKHSDUWLFOHHYROXWLRQLQ
WKH QHZ FRRUGLQDWHV ,W LV VWLOO QRQGLDJRQDO KRZHYHU WKLV QRQGLDJRQDOLW\ LV QRZ HQWLUHO\
FRQWDLQHG LQ WKH VSLQ JDXJH SRWHQWLDO  ,W LV DOVR VHHQ IURP(T WKDW WKH VSLQJDXJH
SRWHQWLDOV S$Ö DQG U$Ö DFWLQPXFKWKHVDPHZD\DVWKHYHFWRUSRWHQWLDOVRIWKHHOHFWURPDJQHWLF
ILHOGGRLQWKHPRPHQWXPDQGWKHFRRUGLQDWHVSDFHV$WWKHVDPHWLPHWKHWHPSRUDOWHUP W$Ö FDQ
EH SUHVHQWHGDVDQDQDORJXHRIWKHVFDODUSRWHQWLDORIDQHOHFWURPDJQHWLFILHOGVHH6XEVHFWLRQV
 DQGEHORZ)URPHTXDWLRQV  DQGDJHQHUDOH[SUHVVLRQIRUSDUWLFOH¶V
%HUU\ SKDVH DOVR IROORZV ZKLFK ZLOO EH GHULYHG LQ 6HFWLRQ LQ WKH PRUH FRQYHQLHQW 
GLPHQVLRQDOIRUP
 6SLQ JDXJH ILHOG WHQVRU DQG WUDQVLWLRQ WR WKH DGLDEDWLF FDVH 2ZLQJ WR LWV QRQ
GLDJRQDOLW\WKHVSLQJDXJHSRWHQWLDO$Ö LVLQJHQHUDOQRQ$EHOLDQ/HWXVFRQVLGHUDWHQVRU
RI WKHVSLQJDXJHILHOGFXUYDWXUH Ö P) DVVRFLDWHGZLWKWKHVSLQJDXJHSRWHQWLDO Ö P$ RYHUWKH
P VSDFH
 > @ {wwww MLMLLMLM $$LP$P$) ÖÖÖÖÖ  
,W LVHDV\WRYHULI\WKURXJKGLUHFWFDOFXODWLRQVE\VXEVWLWXWLQJ(T LQWR(T WKDWWKH
WHQVRU )Ö HTXDOV]HURVHH6XEVHFWLRQ+HQFHWKHILHOG )Ö LVIRUFHOHVV $WWKHVDPHWLPHWKH
FRQWRXU LQWHJUDO P$G³ Ö LV JHQHUDOO\ VSHDNLQJQRQ]HUR$VPHQWLRQHG LQ6XEVHFWLRQVDQG
 LWVYDOXHFDQEHDVVRFLDWHGZLWKWKHSUHVHQFHRIWKHGHJHQHUDFLHVWHUPLQWHUVHFWLRQVLQWKH
P VSDFHDQGGHSHQGVRQWKHRULHQWDWLRQRIWKHLQWHJUDWLRQFRQWRXUZLWKUHVSHFWWRWKHVHSRLQWV
,W VKRXOG EH QRWHG WKDW LQ WKH P VSDFH WKH GHJHQHUDFLHV KDYH WKH IRUP RI GLPHQVLRQDO
K\SHUVXUIDFHVVLQFHWKLVVSDFHLVGLPHQVLRQDOLQRXUFDVH+RZHYHUWKH\FDQEHFRQVLGHUHGDV
SRLQWVLQRWKHUFRQYHQLHQWSDUDPHWHUVSDFHRULQDVXEVSDFHRIWKHP VSDFHVHH6XEVHFWLRQ
DQG 6HFWLRQ
7KH RIIGLDJRQDO WHUPV RI WKH JDXJH SRWHQWLDO $Ö DUH UHVSRQVLEOH IRU WUDQVLWLRQVEHWZHHQ
GLIIHUHQWVSLQOHYHOVRIWKHSDUWLFOH,IZHFRQVLGHUWKHDGLDEDWLFHYROXWLRQRIWKHSDUWLFOHWKHRII
GLDJRQDOWHUPVFDQEHQHJOHFWHG7KH\PDNHDFRQWULEXWLRQRIWKHVHFRQGRUGHULQWKHDGLDEDWLFLW\
SDUDPHWHU H VHH QH[W 6XEVHFWLRQ  >@%\ UHMHFWLQJ WKH RIIGLDJRQDO WHUPV RI $Ö  ZH
DUULYHDWWKH$EHOLDQSRWHQWLDO
 ¸¸¹
·¨¨©
§
w
w   P$$
88LDG ÖÖGJÖGJÖ   
7KHQ WKHH[SUHVVLRQIRUWKHLQWHQVLW\ILHOGWHQVRULVJLYHQE\WKHIRUPXOD
 ÖÖÖÖGJÖÖÖ 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7KH VSLQ JDXJH ILHOG WHQVRU LV QRZ QRQYDQLVKLQJ DQG WKH ILHOG Ö DG) LV D IRUFH RQH VHH
6XEVHFWLRQ 7KH GHJHQHUDFLHV LQ WKH VSHFWUXPRI WKH LQLWLDO+DPLOWRQLDQ DUH WKH SRLQWV RI
VLQJXODULW\ RI Ö DG)  ,Q WKH JHQHULF FDVH WKH VLQJXODULW\ RI Ö DG) LV RI WKH IRUP RI WKH 'LUDF
PRQRSROH LQWKHFRUUHVSRQGLQJGLPHQVLRQDOVSDFHZKLOHWKHLQWHJUDO V) GDG³ Ö RYHUWKHVXUIDFH
HQYHORSLQJ WKH VLQJXODULW\ LV HTXDO WR WKH WRSRORJLFDO FKDUJH WKH &KHUQ QXPEHU RI WKLV

PRQRSROH >@ $V D FRQVHTXHQFH ZKHQ WKH VXUIDFH LQWHUVHFWV WKH VLQJXODULW\ WKH LQWHJUDO
V) GDG³ Ö DEUXSWO\FKDQJHVLWVYDOXHZKLFKFRUUHVSRQGVIRUH[DPSOHWRWKHTXDQWXP+DOOHIIHFW
VHH LQ>@
7KH WHQVRU RI WKH DGLDEDWLF VSLQ JDXJH ILHOG  LV DQ LQYDULDQW ZLWK UHVSHFW WR WKH
IROORZLQJJDXJHWUDQVIRUPDWLRQVRIWKHSRWHQWLDO
 P$$ w
wo IÖÖÖ  DGDG  
ZKHUH IÖ VWDQGV IRU DQ DUELWUDU\ GLDJRQDOPDWUL[7KLV FRUUHVSRQGV WRJDXJH LQYDULDQFH 
 ZLWKUHVSHFWWRWKH  Q8 JURXSDIIHFWLQJLQGHSHQGHQWO\WKHLQGHSHQGHQWVSLQVWDWHVRIWKH
SDUWLFOH
 $ERXW DGLDEDWLF DSSUR[LPDWLRQ %\ DQ DGLDEDWLF DSSUR[LPDWLRQ ZH PHDQ WKH
DEVHQFH RI WUDQVLWLRQV EHWZHHQ GLIIHUHQW WHUPV LQ WKH FRXUVH RI WKH V\VWHP¶V HYROXWLRQ /HW XV
FRQVLGHUSUHUHTXLVLWHVWRWKHDEVHQFHRIVXFKWUDQVLWLRQVLQYDULRXVFDVHV
)LUVW ZH WDNH WKH ORFDOL]HG SDUWLFOH VWDWHV ZLWK D GLVFUHWH VSHFWUXP ,Q WKLV FDVH WKH U 
GHSHQGHQFH RI WKH+DPLOWRQLDQ  RQO\GHWHUPLQHV WKHGLVFUHWH VSHFWUXPRI WKH V\VWHP WKH
OHYHOV ZKLOH WKH W GHSHQGHQFH PD\ FDXVH WKH WUDQVLWLRQV EHWZHHQ GLIIHUHQW VWDWLRQDU\ VWDWHV
7KHQ WKHDGLDEDWLFDSSUR[LPDWLRQLVGHWHUPLQHGE\WKHVORZQHVVRI WKHWLPHGHSHQGHQFHRIWKH
+DPLOWRQLDQ7KHUHOHYDQWVPDOOSDUDPHWHULV
  (( WH G
w w
=  
ZKHUH N((  LV WKH FXUUHQW HQHUJ\ YDOXH DQG N N( ( (G    LV WKH FXUUHQW GLVWDQFH WR WKH
DGMDFHQW VSLQ OHYHO 7KH IDFW WKDW WKH GHQRPLQDWRU RI (T KDV WR FRQWDLQ WKH VTXDUHG
GLVWDQFHWRWKHQHLJKERULQJWHUPLVGHPRQVWUDWHGIRUH[DPSOHLQ>@
1RZ OHW¶V WXUQ RXU DWWHQWLRQ WR IUHH QRQORFDOL]HG PRWLRQ RI WKH SDUWLFOH ZLWK WKH
FRQWLQXRXV HQHUJ\ VSHFWUXP ,Q WKLV FDVH WKH IXQFWLRQV  S( GHWHUPLQH WKH SDUWLFOH WHUPV
GLVSHUVLRQ FXUYHVDQGWKHWUDQVLWLRQVEHWZHHQWKHWHUPVFDQUHVXOWIURPWKHWLPHLQKRPRJHQHLW\
RI WKH+DPLOWRQLDQDVZHOODVIURPLWVVSDWLDOLQKRPRJHQHLW\,QWKHIRUPHUFDVHWKHWUDQVLWLRQV
EHWZHHQWKHHQHUJ\OHYHOVRFFXUZLWKWKHFRQVWDQWPRPHQWXPZKHUHDVLQWKHODWWHUFDVHZHKDYH
WKH WUDQVLWLRQV EHWZHHQ GLIIHUHQW PRPHQWXP VWDWHV ZLWK WKH IL[HG HQHUJ\ +HQFH WKH VPDOO
SDUDPHWHU VSHFLI\LQJ WKH DGLDEDWLF DSSUR[LPDWLRQ LQ WHUPV RI WKH DEVHQFH RI WKH WUDQVLWLRQV
EHWZHHQWKHWHUPVRIGLIIHUHQWVSLQVWDWHVLV
   PD[  L
M
S(
( W S UH G G
§ ·ww ¨ ¸¨ ¸w w© ¹=  
+HUH ( DQG (G DUH WKH SDUWLFOH HQHUJ\ DQG WKH GLVWDQFH WR WKH DGMDFHQW VSLQ WHUP IRU JLYHQ WUS  ZKLOH S DQG GS DUHWKHSDUWLFOHPRPHQWXPZLWKWKHIL[HG  W( U DQGWKHGLVWDQFHWR
WKH QHDUHVW VSLQ WHUP VHH DOVR HTXDWLRQ  EHORZ 7KH GHULYDWLYHV ML US ww  GHVFULEH WKH
YDULDWLRQV LQ WKHSDUWLFOHPRPHQWXPZLWKDJLYHQHQHUJ\DVDFRQVHTXHQFHRI WKH+DPLOWRQLDQ
VSDWLDO LQKRPRJHQHLW\7KH ILUVW WHUP LQ(TGHVFULEHV WKH DGLDEDWLFLW\SDUDPHWHU 
DVVRFLDWHGZLWKWKHWLPHGHSHQGHQFHRIWKH+DPLOWRQLDQZKHUHDVWKHVHFRQGWHUPGHWHUPLQHVWKH
DEVHQFHRIWKHWHUPWUDQVLWLRQVFDXVHGE\WKHVFDWWHULQJRQVSDWLDOLQKRPRJHQHLWLHV1RWHWKDWWKH
VHFRQGWHUPLQ(THQVXUHVWKHYDOLGLW\RIWKHVHPLFODVVLFDODSSUR[LPDWLRQ,WLVSUHFLVHO\
WKLVIDFWWKDWDOORZVFRQVLGHULQJDIUHHPRWLRQRIWKHSDUWLFOHZLWKWKHVLPXOWDQHRXVO\GHWHUPLQHG
IURPWKHVWDQGSRLQWRIWKHZDYHSDFNHWPRWLRQPRPHQWXPVDQGFRRUGLQDWHVDVIRUPXOD
LPSOLHV)URPKHUHRQZHZLOO WKLQNRIDGLDEDWLFLW\ LQDJHQHUDOVHQVH(T IRU WKH IUHHO\
SURSDJDWLQJSDUWLFOHV
7KH DERYHDQDO\]HG FDVHV DUH DVVRFLDWHG ZLWK WKH VLPSOHVW VLWXDWLRQ ZKHUH WKH V\VWHP
SRVVHVVHVMXVWWZRFKDUDFWHULVWLFVSDWLDODQGWHPSRUDOVFDOHVQDPHO\WKHGH%URJOLHVFDOHVRIWKH
SDUWLFOH DQG FKDUDFWHULVWLF VFDOHV RI WKH +DPLOWRQLDQ LQKRPRJHQHLWLHV ,W LV HYLGHQW WKDW PRUH

FRPSOH[LQWHUPHGLDWHFDVHVZLWKPDQ\VFDOHVDUHDOVRSRVVLEOHVRPHWLPHVWKH\FDQEHUHGXFHV
WRRQHRIWKHWZRVLPSOHPRGHOV7ZRH[DPSOHVFDQEHRIIHUHG
)LUVWO\DQDGGLWLRQDOVFDOHH[LVWVZKHQDSDUWLFOHLVPRYLQJLQDVPRRWKO\LQKRPRJHQHRXV
PDJQHWLF ILHOG±WKLVLVWKH/DUPRUUDGLXVRIWKHJLYHQVWDWHRIWKHSDUWLFOH,IWKHW\SLFDOVFDOHRI
WKHILHOGLQKRPRJHQHLW\LVPXFKODUJHUWKDQWKH/DUPRUUDGLXVZHFDQDYHUDJHWKHPRWLRQRYHU
WKHVFDOHRIWKLV/DUPRUUDGLXV$VDUHVXOWZHUHGXFHWKHSUREOHPWRWKHSUREOHPRIDSDUWLFOH
PRWLRQZLWKLQ WKH VFDOHVPXFK ODUJHU WKDQ WKH/DUPRU UDGLXV7KHQ FULWHULRQ  VKRXOGEH
LQYRNHGZKHUHWKHYDOXH ML US ww  LVDOVRDYHUDJHGRYHUWKHVFDOHRIWKH/DUPRUUDGLXVDQGDVD
FRQVHTXHQFH\LHOGVDODUJHVFDOHRIWKHLQKRPRJHQHLW\
6HFRQGO\ DQRWKHU H[DPSOH LV WKH TXDVLVWDWLRQDU\ VWDWHV LQ WKH GRXEOHKXPSHG SRWHQWLDO
VHH IRU H[DPSOH >@ ,Q WKLV VLWXDWLRQ WKH FKDUDFWHULVWLF VWDWH OLIHWLPH LV DQ DGGLWLRQDO
WHPSRUDO VFDOH ,I WKH OLIHWLPH LV ODUJH DV FRPSDUHG WR RWKHU W\SLFDO WLPHV RI WKH SUREOHP LWV
TXDVLVWDWLRQDU\ VWDWHV FDQ EH WUHDWHG ZLWKLQ WKH OLPLWV RI WKH DSSUR[LPDWLRQ RI WKH GLVFUHWH
VSHFWUXPDQGWKHILQLWHWUDMHFWRULHVDQGKHQFHZHFDQLQYRNHDGLDEDWLFLW\FULWHULRQ1RWLFH
WKDW WKH ORFDOL]HG SDUWLFOH¶V VWDWHV RI WKLV NLQG KDYH WKH WRSRORJLFDO FRQWULEXWLRQ LQ WKH WXQQHO
WUDQVSRUWWKURXJKWKHSRWHQWLDOEDUULHUVDGLDEDWLFDOO\YDU\LQJLQWLPHVHHIRUH[DPSOH>@
1RWH ILQDOO\WKDWWKHXVHRIWKHGLDJRQDOL]HG+DPLOWRQLDQZLWKWKH$EHOLDQSRWHQWLDOV
LPSOLHVQHJOHFWLQJRIWKHWHUPVRIWKHRUGHURI H DQGKLJKHU+RZHYHULWLVZHOONQRZQ
WKDW QRQDGLDEDWLF WUDQVLWLRQVEHWZHHQQRQGHJHQHUDWH WHUPVDUHRIRUGHURI  HH[S  VHH IRU
H[DPSOH >@ ,W KDVEHHQ VKRZQ IRUDQXPEHURIFDVHV WKDW WKHGLDJRQDOL]DWLRQSURFHGXUH LQ
TXHVWLRQ FDQ EH FRQWLQXHG E\ WKH LWHUDWLYH WHFKQLTXH ZKLFK LV WKH FRQWLQXDWLRQ RI WKH ILUVW
DSSUR[LPDWLRQ LQ H DVDQDV\PSWRWLFVHULHVZLWK WKH UHPLQGHU WHUPRI WKHRUGHURI  HH[S 
>@
&RPPXWDWLRQUHODWLRQVDQGHTXDWLRQVRIPRWLRQ/HW¶VFRQVLGHUKRZWKHSUHVHQFHRI
WKH VSLQ JDXJH SRWHQWLDO  DIIHFWV WKH FRPPXWDWLRQ UHODWLRQV EHWZHHQ WKH G\QDPLF
YDULDEOHV DQG WKH HTXDWLRQV RIPRWLRQ ,Q WKH H[DFW FDVH Ö {)  (T WKHVH UHODWLRQV DUH
VWDQGDUG KRZHYHU LQ WKH DGLDEDWLF DSSUR[LPDWLRQ Ö  zDG)  (T DQG ZH KDYH IURP
(TVDQGWKDWFRPSDUHZLWK>@
 > @  Ö DGUUML ML)LSS =  > @  Ö DGSSML ML)LUU =  > @ ÖÖ DGUSLMML ML)L,LSU ==  G  
+HUHZHLQWURGXFHFRPSRQHQWVRIWKHJDXJHILHOG Ö DG) DVFRPSDUHZLWKDQG>@
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 
HWF&RPPXWDWLRQUHODWLRQVGHPRQVWUDWHWKHDQDORJ\ZLWKDQHOHFWURPDJQHWLFILHOG
7KH +DPLOWRQLDQ PRWLRQ HTXDWLRQV KDYH WKH XVXDO FDQRQLFDO IRUP LQ WKH JHQHUDOL]HG
YDULDEOHV
 > @+L Ö33
=
   > @+L Ö55
=
   
ZKHUHWKHGRWVWDQGVIRUWKHIXOOGHULYDWLYHZLWKUHVSHFWWRWLPHDQG+DPLOWRQLDQLVWDNHQ
DV DIXQFWLRQRIJHQHUDOL]HGYDULDEOHV  Ö Ö  + + W 3 5  7KHPRPHQWXPDQGFRRUGLQDWHVWKDWDUH
PHDVXUHG E\ DQ REVHUYHU DUH LQ IDFW FRYDULDQWTXDQWLWLHV S DQG U  7KHPRWLRQ HTXDWLRQV IRU
WKHVH KDYHDFDQRQLFDOIRUPDVZHOO
 ÖL +ª º  ¬ ¼S S =  Ö
L +ª º  ¬ ¼U U =  

KRZHYHU KHUH +DPLOWRQLDQ  VKRXOG EH FRQVLGHUHG DV D IXQFWLRQ RI YDULDEOHV S DQG U 
 Ö Ö  + + W S U  1RQWULYLDO FRPPXWDWLRQ UHODWLRQV  RI WKHVH YDULDEOHV LQ DGLDEDWLF
DSSUR[LPDWLRQOHDGWRWKHDSSHDUDQFHRIWKHDGGLWLRQDOWHUPVFRQQHFWHGWRWKHVSLQJDXJHILHOG
DFWLRQ,QGHHGLQWKHDGLDEDWLFDQGVHPLFODVVLFDODSSUR[LPDWLRQVZHKDYHIURPDQG
 WKHIROORZLQJPRWLRQHTXDWLRQV
 P)US UP =
ÖÖ DGG+ w
w  P)SU SP = Ö
Ö
DGG+ w
w  
+HUHWKHFRQYROXWLRQRI WKHVHFRQGVXEVFULSWVRI WKHILHOGWHQVRUVZLWKWKHIROORZLQJYHFWRUVLV
DVVXPHG
(TXDWLRQV  DUH WKH EDVLF PRWLRQ HTXDWLRQV RI DQ DGLDEDWLF VHPLFODVVLFDO SDUWLFOH
ZKLFK WDNH LQWR DFFRXQW WKH IRUFH DFWLRQ RI WKH VSLQJDXJH ILHOG Ö DG)  6LPLODU HTXDWLRQVKDYH
EHHQ GHULYHG LQ >@ LQ WKH FRXUVH RI WKH /DJUDQJH GHVFULSWLRQ RI WKHZDYH SDFNHW G\QDPLFV
3DUWLFXODU FDVHV RI WKHVH DUH GLVFXVVHG LQ PDQ\ SDSHUV RQ WKH WRSRORJLFDO VSLQ WUDQVSRUW
>@7KHILUVWWHUPVLQWKHULJKWKDQGVLGHVRIHTXDWLRQV
UHSUHVHQW WKH HYROXWLRQ VSHFLILHG E\ WKH FXUUHQW HLJHQYDOXHV RI WKH LQLWLDO +DPLOWRQLDQ VHH
(T7KHVHFRQGWHUPVLQWKHULJKWKDQGVLGHVRIHTXDWLRQVFRQVWLWXWHWKHFRUUHFWLRQV
WKDW GHVFULEHWRSRORJLFDOVSLQWUDQVSRUWRI WKHSDUWLFOH7KHVHWHUPVDUHSURSRUWLRQDOWR Ö DG) 
$V DFRQVHTXHQFHRI WKHDGLDEDWLFDSSUR[LPDWLRQGLDJRQDOLW\HTXDWLRQVDQG
GHFRPSRVHLQWRVHWVRI Q LQGHSHQGHQWHTXDWLRQVZKLFKGHVFULEHWKHDGLDEDWLFHYROXWLRQRIWKH
SDUWLFOH¶V LQGHSHQGHQWVSLQVWDWHV7KHJDXJHSRWHQWLDOHQWHUV LQWRWKHHTXDWLRQVRIPRWLRQRQO\
WKURXJK WKH ILHOG LQWHQVLW\ WHQVRU DQGKHQFH WKH HTXDWLRQVRIPRWLRQDUHJDXJHLQYDULDQWZLWK
UHVSHFW WR WKH JURXS  Q8  )LQDOO\ RQH FDQ UHDGLO\ VHH VHH DOVR 6XEVHFWLRQ  WKH
DQDORJ\ EHWZHHQ WKH IRUFH DFWLRQ RI WKH DGLDEDWLF VSLQ JDXJH ILHOG DQG WKH IRUFH DFWLRQ RI WKH
HOHFWURPDJQHWLFILHOG7KHWHUPVUHODWHGWR S DQG U FRPSRQHQWVRI Ö DG) LQ(TVSUHVHQW
WKH DQDORJXHVRIWKH/RUHQW]IRUFHLQWKHFRRUGLQDWHDQGWKHPRPHQWXPVSDFHVZKLOHWKHWHUPV
LQYROYLQJ W FRPSRQHQWVRI Ö DG) SUHVHQWWKHDQDORJXHVRIWKHHOHFWULFILHOGDFWLRQ
5 HPDUN,, 7KHVSLQDQDORJXHVRIWKHHOHFWULFILHOGZKLFKDUHGHVFULEHGLQWKHSUHVHQW
SDSHUKDYHQRUHODWLRQVWRµJHRPHWULFHOHFWULFILHOG¶WKDWLVFRQVLGHUHGIRUH[DPSOHLQ>@
,QGHHG WKH ODWWHU LV RI RUGHU RI = UDWKHU WKDQ =  DQG LV FRQQHFWHG WR WKH GHYLDWLRQ RI WKH
FODVVLFDO PDJQHWLF PRPHQW IURP WKH PDJQHWLF ILHOG GLUHFWLRQ ,Q TXDQWXP DGLDEDWLF FDVH WKLV
µJHRPHWULF HOHFWULF ILHOG¶ ILHOG LV HTXDO WR ]HUR IRU SXUH VWDWHVRI VSLQ$QDQDORJXHRI WKH
HOHFWULFILHOGZKLFKFRUUHVSRQGVWRWKHRQHLQWURGXFHGLQRXUSDSHULVSUHVHQWHGLQWKHSDSHU>@
WKDW DSSHDUHGDWWKHWLPHZKHQWKHSUHVHQWSDSHUZDVEHLQJSUHSDUHGIRUSXEOLFDWLRQ
7KH IRUFHV FRQQHFWHG ZLWK WHQVRU RI WKH DGLDEDWLF VSLQ JDXJH ILHOG LQ (TV DUH
SURSRUWLRQDOWRWKHSURMHFWLRQRIWKHSDUWLFOHVSLQVHH(TV±EHORZDQGDUHQRWLQD
GLUHFW UHODWLRQVKLS ZLWK LWV FKDUJH +HQFH GLIIHUHQW VSLQ VWDWHV RI WKH SDUWLFOH JLYH ULVH WR
HVVHQWLDOO\GLVWLQFWVSLQFKDUJHVRIWKHSDUWLFOHLQWKHVSLQJDXJHILHOG Ö DG)  LHWKHSDUWLFOHFDQ
EH UHSUHVHQWHG DV D VSLQ PXOWLSOHW )RU H[DPSOH DQ HOHFWURQ LQDPDJQHWLF ILHOGSRVVHVVHV WZR
VWDWHVZLWKWKHVSLQFKDUJHDQGLQXQLWVRI= 
:KHQ D SDUWLFOH LV LQIOXHQFHG E\ DQ H[WHUQDO HOHFWURPDJQHWLF ILHOG WKH HOHFWURPDJQHWLF
SRWHQWLDOVDUHDGGHG LQWRHTXDWLRQV DQGZKLOH LQ WKH ILUVWHTXDWLRQVRI DQG
 WKHIROORZLQJWHUPVDULVH>@
 > @  Ö DGUUNLMNML ML)LFHLSS ==  %H  D
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ZKHUH ( DQG % DUH WKH HOHFWULF DQG PDJQHWLF ILHOG UHVSHFWLYHO\ DQG LMNH LV WKH XQLW
DQWLV\PPHWULF WHQVRU7KHDQDORJ\EHWZHHQ WKH WHUPVDVVRFLDWHGZLWK WKHHOHFWURPDJQHWLF ILHOG
DQG WKHVSLQWHUPVZLOOEHFOHDULQWKHIRXUGLPHQVLRQDOIRUP6XEVHFWLRQ
,Q FRQFOXVLRQ RI WKLV 6XEVHFWLRQ OHW XV GHWHUPLQH TXDOLWDWLYHO\ WKH IRUFHV WKDW KDYH D
GRPLQDQW UROH LQ SDUWLFOH HYROXWLRQV RI GLIIHUHQW W\SHV )LUVW ZH FRQVLGHU D ORFDOL]HG
TXDVLVWDWLRQDU\ VWDWH RI WKH SDUWLFOH 7KHQ LW LV HYLGHQW WKDW WKH SDUWLFOH¶V WUDQVSRUW LV ZHDNO\
DIIHFWHGE\ WKH VSLQDQDORJXHVRI WKHPDJQHWLF ILHOG VLQFH WKHSDUWLFOH LVDW UHVW$W WKH VDPH
WLPHWKHVSLQDQDORJXHRIWKHHOHFWULFILHOGZLOOUHVXOWLQWKHVORZWUDQVSRUWRIWKHORFDOL]HGVWDWHV
WKLV LV DQ DGLDEDWLF SXPSLQJ XQGHU VORZ YDULDWLRQV RI SRWHQWLDO EDUULHUV LQ WLPH >@
&RQVLGHUQRZWKHRSSRVLWHFDVHRIWKHIUHHO\PRYLQJSDUWLFOH&OHDUO\WKHEDVLFYDULDWLRQVLQWKH
SDUWLFOH¶V WUDQVSRUWDUHDVVRFLDWHGZLWKWKHIRUFHVUHVSRQVLEOHIRU WKHVKLIWRI WKHSDUWLFOHDFURVV
WKH SULQFLSDO PRWLRQ WKH ORQJLWXGLQDO VKLIWV DUH VPDOO EHLQJ RI RUGHU RI H LQ WKH DGLDEDWLF
DSSUR[LPDWLRQDQGDUHQRWGHWHFWDEOHRQWKHEDFNJURXQGRIWKHEDVLFWUDQVSRUW$PRQJWKHPDUH
SULPDULO\ WKH VSLQ DQDORJXHV RI WKH /RUHQW] IRUFH LQ WKH S  DQG U VSDFHV VHH
>@ 7KLVLVWKHUHDVRQZK\WKH WRSRORJLFDOVSLQWUDQVSRUW
RI IUHHSDUWLFOHV LV IUHTXHQWO\DVVRFLDWHGZLWK WKHDQDORJXHVRI WKHPDJQHWLF ILHOGDQG WKH+DOO
HIIHFWV 7KXVLVIRUH[DPSOHWKHQDWXUHRIWKHDQRPDORXVDQGLQWULQVLFVSLQ+DOOHIIHFWV>@
DQG WKHRSWLFDO0DJQXVHIIHFW>@
 &DOFXODWLRQ RI WKH WHQVRU RI WKH DGLDEDWLF VSLQ JDXJH ILHOG 7KH DERYHGHULYHG
HTXDWLRQV KDYH EHHQZULWWHQ IRU DQ DUELWUDU\ WHQVRU RI WKH VSLQ JDXJH ILHOG Ö DG)  +RZHYHU LW
WXUQV RXW WKDW LW LVIUHTXHQWO\UHGXFLEOHWRDFHUWDLQXQLYHUVDOIRUP$VQRWHGLQ6XEVHFWLRQ
>±@ WKHRFFXUUHQFHRI WKHQRQ]HURFXUYDWXUH WHQVRU Ö DG) LVDVVRFLDWHGZLWKWKHSUHVHQFHRI
GHJHQHUDF\SRLQWVLQWHUVHFWLRQVRIWKHVSLQWHUPVLQWKHSDUWLFOH¶VVSHFWUXP/HWXVFRQVLGHUWKH
FDVH RI+DPLOWRQLDQIRUZKLFKWKHVSLQRSHUDWRUFRQWDLQVWKHHQWLUHPDWUL[VWUXFWXUH
(YLGHQWO\ SRLQW   +  DW ZKLFK WKH VSLQ WHUP LQ WKH +DPLOWRQLDQ YDQLVKHV LV WKHLQWHUVHFWLRQSRLQWRI Q VSLQWHUPV7KHYHFWRU + LVDWKUHHGLPHQVLRQDOYHFWRUZKLOHWKHILHOG Ö +) DG LQWKH + VSDFHWDNHVWKHXQLYHUVDOIRUPRIWKHPDJQHWLFPRQRSROHW\SH>@
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+HUH 6 LV WKHVSLQSURMHFWLRQRQWKHYHFWRU +  LWWDNHV Q LQWHJHURUKDOILQWHJHUYDOXHVDWWKHGLIIHUHQWVSLQVWDWHV,QFRQVHTXHQFHRIWKUHHGLPHQVLRQDOLW\RIWKH + VSDFHWKHDQWLV\PPHWULF
WHQVRU Ö DG) FDQ EH UHSUHVHQWHG LQ WKH IRUPRI SVHXGRYHFWRU  :HZLOO GHQRWH LW E\ WKH
VDPH OHWWHU DV WKH WHQVRU KRSLQJ WKDW WKLV ZLOO QRW OHDG WR FRQIXVLRQ )RUPXOD 
GHPRQVWUDWHVWKDWWKHLQWHUVHFWLRQSRLQWRIWKHWHUPVDFWVLQWKHDGLDEDWLFDSSUR[LPDWLRQPXFKDV
WKH'LUDFPDJQHWLFPRQRSROHGRHV$WWKHVDPHWLPHWKHGLIIHUHQWYDOXHVRIWKHVSLQSURMHFWLRQ
6 FRUUHVSRQG WR WKH GLIIHUHQW FKDUJHV RI WKH SDUWLFOH LQ WKH ILHOG JHQHUDWHG E\ WKLVPRQRSROH
UHVXOWLQJLQWKHVSLQWUDQVSRUWDQGWKHVSLQVSOLWWLQJRIWKHSDUWLFOHV
)URPWKHHTXDWLRQWKHYDOXHRIWKHILHOG Ö DG) WHQVRUFDQEHFDOFXODWHGLQDQ\RWKHU
FRQYHQLHQWVSDFH%\XVLQJGHILQLWLRQVDQGRQHFDQHDVLO\GHWHUPLQHWKHUXOHIRUWKH
ILHOGWHQVRUWUDQVLWLRQIURPVRPHE VSDFHLQWRDQRWKHUD VSDFH
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,Q SDUWLFXODULI +E   ZKLOH PD   ZHKDYHIURP(TVDQG
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7KH DERYH IRUPXOD LV WKH JHQHUDO RQH IRU WKH WHQVRU RI WKH DGLDEDWLF VSLQ JDXJH ILHOG IRU WKH
+DPLOWRQLDQ RI IRUP (T )URP (T GLIIHUHQW FRPSRQHQWV RI Ö DG) FDQ EH HDVLO\

ZULWWHQLQWKHFRPSRQHQWVRIWKHP VSDFH9DULRXVH[DPSOHVLOOXVWUDWLQJWKHDSSOLFDWLRQRI
WKHJHQHUDOIRUPXODVSUHVHQWHGDERYHZLOOEHJLYHQLQ6HFWLRQ
 )285',0(16,21$/)2502)7+(7+(25<
 +DPLOWRQLDQ IRUPDOLVP 5HODWLYLVWLF HTXDWLRQV RI SDUWLFOH¶V PRWLRQ DQG WKH VSLQ
JDXJH ILHOGV DUH RXWVLGH WKH VFRSH RI WKLV SDSHU +RZHYHU RZLQJ WR WKH DQDORJ\ ZLWK WKH
HOHFWURPDJQHWLFILHOGWKHEDVLFQRWLRQVRIWKHDERYHVXJJHVWHGWKHRU\FDQEHHDVLO\EURXJKWRWKH
GLPHQWLRQDO IRUP7KLV VXEVWDQWLDOO\ VLPSOLILHV WKHZKROH IRUPDOLVPDQG UHYHDOV WKHDQDORJ\
ZLWKWKHHOHFWURPDJQHWLFILHOG7KHQDWXUDOQHVVRIWKLVGLPHQVLRQDOIRUPLVDVWHSWRZDUGVWKH
GHYHORSPHQWRIWKHUHODWLYLVWLFWKHRU\
/HW XVUHFDOOWKDWWKHEDVLFYHFWRUVDUHWKHYHFWRURIFRRUGLQDWHV  ]\[FWU  D DQGWKH
YHFWRU RI WKH PRPHQWXPHQHUJ\  ]\[ SSS(FS  D  7KH +DPLOWRQLDQ HTXDWLRQV DUH
UHSUHVHQWDEOHLQWKHGLPHQVLRQDOIRUP6LQFHWKH+DPLOWRQLDQQRZVKRXOGGHSHQGRQHQHUJ\DV
RQ DQLQGHSHQGHQWYDOXHZHZLOOFRQVLGHULQVWHDGRIWKHXVXDO+DPLOWRQLDQWKHIROORZLQJRQH
     (W+US+  a USDD  
(YLGHQWO\ WKLV +DPLOWRQLDQ YDQLVKHV RQ WKH ZDYH IXQFWLRQ ZKLFK FRUUHVSRQGV WR WKH 
GLPHQVLRQDO+DPLOWRQLDQDSSURDFKZLWKFRXSOLQJV>@DVZHOODVWRWKH+DPLOWRQLDQRFFXUULQJ
LQ WKH JHRPHWULFDO RSWLFV DSSUR[LPDWLRQ >@ 7KH VXEVWLWXWLRQ RI WKH TXDQWXPPHFKDQLFDO
RSHUDWRUVLQWKHIRUP

D
D
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
UHVXOWV LPPHGLDWHO\LQWKHIROORZLQJIRUPRIWKH6FKU|GLQJHUHTXDWLRQ
 a  \+  
%\ XVLQJWKH+DPLOWRQLDQ WKHGLPHQVLRQDO+DPLOWRQLDQHTXDWLRQVFDQEHZULWWHQLQWKH
XVXDOIRUP
 LS S +D Dª º  ¬ ¼ =  
LU U +D Dª º  ¬ ¼ =  ,Q WKLV FDVH WKUHH EDVLF FRPSRQHQWV RI HTXDWLRQV  FRUUHVSRQG WR WKH RUGLQDU\ +DPLOWRQ
HTXDWLRQVZKLOHWKH]HURFRPSRQHQWLVDVVRFLDWHGZLWKWKHHTXDWLRQV
 W
+( w
w a   W  
ZKLFKDUHFOHDUO\WUXH
 $ VSLQJDXJHSRWHQWLDO DQG ILHOG WHQVRU 6R WKH+DPLOWRQLDQ DSSURDFKDGPLWV D
UDWKHUFRQFLVHGLPHQVLRQDOJHQHUDOL]DWLRQ/HWXVFRQVLGHUQRZKRZWKHVSLQJDXJHSRWHQWLDO
DQG ILHOG FDQ EH UHSUHVHQWHG LQ WKH IUDPHZRUN RI WKLV DSSURDFK /HW XV LQWURGXFH WKH 
GLPHQVLRQDO SKDVH VSDFH RIPRPHQWXPV DQG FRRUGLQDWHV  DDD USP   %\ DQDORJ\ZLWK WKH
DERYH GHULYDWLRQVZH GLDJRQDOL]H WKH+DPLOWRQLDQ 7KH HQHUJ\ DGGHG LQWR(T LV D
VFDODULQWKHVSLQVSDFHDQGLQQRZD\DIIHFWVWKHSHUIRUPHGWUDQVIRUPDWLRQVDQGWKHUHDVRQLQJ
&RQVHTXHQWO\ DQDORJRXVO\ WR (T WKH IROORZLQJ JDXJH SRWHQWLDO LV LQGXFHG XQGHU WKH
GLDJRQDOL]DWLRQ
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
$VLQ(TWKLVSRWHQWLDOFDQEHGHFRPSRVHGLQWRWKHFRPSRQHQWVRI DP VSDFH
    Ö Ö Ö Ö Ö Ö Ö   ( WS U$ $ $ $ $D DD   S U$ $  
6LQFH ZHDUHWUDQVIRUPLQJWKH+DPLOWRQLDQWKURXJKWKHHQHUJ\LQGHSHQGHQWVXEVWLWXWLRQWKHQ

Ö {($  
7KH JDXJHSRWHQWLDOOHDGVWRWKHVXEVWLWXWLRQRIWKHRUGLQDU\GHULYDWLYHVE\FRYDULDQW
RQHV VLPLODUO\ WR(T$V D UHVXOW E\ DQDORJ\ZLWK(TV DQG ZH REWDLQ WKH
+DPLOWRQLDQ
    Ö ÖÖ Ö Ö Ö ÖÖ   G W G U S+ + W $ ( + 3 $ 5 $D DD D       U S3 $ 5 $ = = = = =  
ZKHUHZLWKLQWKHOLPLWVRI+DPLOWRQLDQWKHHQHUJ\RSHUDWRU WL( ww = LVUHVSRQVLEOHIRU
WKH DSSHDUDQFH RI WHUP W$Ö= LQ (T ZKHQ SDVVLQJ WR WKH FRYDULDQW GHULYDWLYHV 7KH
JHQHUDOL]HGFRRUGLQDWHVDQGPRPHQWXPVDUHH[SUHVVHGLQ(TDV
 ÖU3 S $  =  Ö S5 U $  =  
7KH HQHUJ\ YDOXH LQ (T LV VKLIWHG RZLQJ WR WKH DQDORJXH RI WKH VFDODU SRWHQWLDO
W
W $S$S3( ÖÖ  ==   {  ZKLOHWKHWLPHUHPDLQVXQFKDQJHGEHFDXVHRI(T)ROORZLQJ
WKLV LGHRORJ\RQHFDQVD\WKDWRQO\WKHNLQHWLFHQHUJ\ NLQ (S  LV DGLUHFWO\PHDVXUHGHQHUJ\ZKLOH WKHSUHVHQFHRI WKH VFDODUSRWHQWLDO UHSODFHV LW LQ WKH+DPLOWRQLDQZLWK WKH µJHQHUDOL]HG¶
WRWDOHQHUJ\WKDWLVVKLIWHGE\LWVSRWHQWLDOSDUW7KXVWKHLQWURGXFHGGLPHQVLRQDOLQIDFW
GLPHQVLRQDO (T VSLQ JDXJH SRWHQWLDO WDNLQJ LQWR DFFRXQW (T LV LQ FRPSOHWH
FRUUHVSRQGHQFHZLWKWKHRQHLQWURGXFHGLQWKHSUHYLRXV6HFWLRQ
$QDORJRXVO\WR(TZHGHWHUPLQHWKHDQWLV\PPHWULFWHQVRURIWKHVSLQJDXJHILHOG
 > @ {wwww EDEDDEDE $$LP$P$) ÖÖÖÖÖ  
,Q WKHDGLDEDWLFFDVHVHH(TVZHKDYH
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%DVHG RQWKHDERYHVDLGDOOWKHHQHUJ\FRPSRQHQWVRI DEÖ DG) DUH HTXDOWR]HUR
 ÖÖ  { DD (DG(DG ))  
1RWLFH KHUH WKDW FRQGLWLRQ  RI WKH DGLDEDWLF DSSUR[LPDWLRQ IRU WKH SDUWLFOH
SURSDJDWLQJIUHHO\FDQEHDOVRQDWXUDOO\ZULWWHQLQWKHGLPHQVLRQDOIRUP

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
ZKHUH SG VWDQGVIRUWKHGLVWDQFHWRWKHQHDUHVWDGMDFHQWYDOXHRIWKHPRPHQWXPZLWKDIL[HG
YDOXHRIWKHFRRUGLQDWHV
&RPPXWDWLRQUHODWLRQVDQGPRWLRQHTXDWLRQV7KHDGLDEDWLFFRPPXWDWLRQUHODWLRQV
VLPLODU WR(TV DUH UHDGLO\ZULWWHQ LQ DGLPHQVLRQDO IRUPZKLFK DW RQFHDFFRXQWV IRU
WHPSRUDOFRPSRQHQWV
   Ö DGU US S L )D ED Eª º  ¬ ¼ =    Ö DGS SU U L ) D ED Eª º  ¬ ¼ =   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ZKHUH  GLDJ JDE    LV WKH PHWULF WHQVRU ,Q OLQH ZLWK WKHVH UHODWLRQV OHW XV ZULWH WKH
DGLDEDWLF HTXDWLRQV RI PRWLRQ LQ WKH RUGLQDU\ FRYDULDQW FRRUGLQDWHV DV LW KDV EHHQ GRQH LQ
(TV
 ÖLS S +D Dª º  « »¬ ¼ = 
ÖLU U +D Dª º  « »¬ ¼ =  
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ZKHUH WKH +DPLOWRQLDQ  VKRXOG EH FRQVLGHUHG DV D IXQFWLRQ RI DSSURSULDWH YDULDEOHV Ö Ö G+ + S UD D    %\DQDORJ\ZLWK(TVLQWKHDGLDEDWLFDQGVHPLFODVVLFDODSSUR[LPDWLRQ
WKHVHHTXDWLRQVZLWKFRPPXWDWLRQUHODWLRQVUHVXOWLQWKHPRWLRQHTXDWLRQDVIROORZV
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$V ZH VHH WKH FRPPXWDWLRQ UHODWLRQV DQG WKH PRWLRQ HTXDWLRQV DUH H[SUHVVHG LQ WKH IRXU
GLPHQVLRQDOQRWDWLRQLQDUDWKHUFRQFLVHIRUP
,Q WKH FDVH ZKHQ DQ H[WHUQDO HOHFWURPDJQHWLF ILHOG LV SUHVHQW WKH SRWHQWLDO RI WKH
HOHFWURPDJQHWLFILHOGZLOOEHDGGHGLQHTXDWLRQVDQGZKLOHLQWKHILUVWHTXDWLRQVRI
 DQGWKHIROORZLQJUHOHYDQWWHUPVDULVH>@
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7KHVH HTXDWLRQVGHPRQVWUDWHFOHDUO\WKHDQDORJ\EHWZHHQWKHDFWLRQRIWKHHOHFWURPDJQHWLFILHOG
DQG RIWKHDGLDEDWLFVSLQJDXJHILHOG7KHDGLDEDWLFVSLQJDXJHILHOG DEÖ DG) UHSUHVHQWVDFWXDOO\DVHW
RI Q LQGHSHQGHQWDQDORJXHVRIWKHHOHFWURPDJQHWLFILHOGHDFKDFWVRQLWVRZQLQGHSHQGHQWVSLQ
VWDWH 1RWH DOVR WKDW WKH HOHFWURPDJQHWLF ILHOG DFWV H[FOXVLYHO\ RYHU WKH FRRUGLQDWH DU VSDFH
WKHUHIRUHLWVFRPSRQHQWVDSSHDURQO\LQWKHPRPHQWXPHTXDWLRQVZKHUHDVWKHVSLQJDXJHILHOG
RSHUDWHVRQWKHHQWLUHSKDVH  USP  VSDFH
 %HUU\ SKDVH 7R REWDLQ %HUU\ SKDVH LQ WHUPV RI HTXDWLRQV  DQG  OHW XV
LQYRNHWKHJHQHUDOL]HGDGLDEDWLFDSSUR[LPDWLRQDQGIRUDIUHHO\SURSDJDWLQJSDUWLFOH
UHFDOOWKDWWKLVDSSUR[LPDWLRQLQYROYHVWKHVHPLFODVVLFV$VLVNQRZQWKHSKDVHRIWKHDGLDEDWLF
VROXWLRQ FRQWDLQV WKH WHUP GW(L ³ =  ZKLOH WKH SKDVH RI WKH VHPLFODVVLFDO VROXWLRQKROGV WKH
WHUP 53GL ³=  %RWKRIWKHVHWHUPVFDQEHZULWWHQLQDGLPHQVLRQDOIRUPDV
  3 G5DM  ³=  
1RWLFHWKDWLWLVSUHFLVHO\WKHJHQHUDOL]HGYDULDEOHVWKDWHQWHULQWRWKHSKDVHVLQFHWKHDFWLRQLVD
IXQFWLRQ RI WKH JHQHUDOL]HG FRRUGLQDWHV %\ H[SUHVVLQJ SKDVH  LQ WHUPV RI WKH GLUHFWO\
PHDVXUHGYDOXHVIURP(TVZHREWDLQ
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
7KH ILUVWWHUPKHUHUHSUHVHQWVWKHG\QDPLFSKDVHWKHVHFRQGRQHSOD\VQRSDUWDVDFRQVHTXHQFH
RI LWVORFDOLW\IRUF\FOLFHYROXWLRQLWHTXDOV]HURDQGWKHWKLUGWHUPLQ(TUHSUHVHQWVWKH
JHRPHWULF %HUU\ SKDVH LQ WKH DP VSDFH ,Q WKH FDVH RI WKH ORFDOL]HG SDUWLFOH¶V VWDWH ZKHUH
DGLDEDWLFLW\FRQGLWLRQDORQHWDNHVSODFHWKHZDYHIXQFWLRQSKDVHLVVSHFLILHGH[FOXVLYHO\
E\ ]HUR WHPSRUDO FRPSRQHQW RI(T ,Q WKLV FDVHZHDUULYH DW%HUU\SKDVHZKLFKZDV
GLVFRYHUHG LQ WKH RULJLQDO SDSHU >@ 7KXV WKH VHPLFODVVLFDO WKHRU\ VXJJHVWHG LQ WKH SDSHU
GHVFULEHV FRPSOHWHO\ WKHRULJLQDWLRQRI WKH%HUU\SKDVH ,IZH LQYRNH WKHDQDORJ\EHWZHHQ WKH
DGLDEDWLF VSLQJDXJH ILHOGDQG WKHHOHFWURPDJQHWLF ILHOGZHFDQVD\ WKDW WKH%HUU\SKDVH LVDQ
DQDORJXH RI WKH 'LUDF SKDVH >@ WKDW UHYHDOV LWVHOI LQ WKH $KDURQRY%RKP HIIHFW >@ 9DULRXV
FRQGLWLRQV IRU WKH TXDQWL]DWLRQ RI ILQLWH VWDWHV RI WKH SDUWLFOH EHLQJ GHWHUPLQHG E\ LWV SKDVH
LQYROYHWKH%HUU\SKDVHLQDFFRUGDQFHZLWK(TVHHIRUH[DPSOH>@

,WVKRXOGEHQRWHGWKDWDOWKRXJKZHKDYHGHULYHGWKHH[SUHVVLRQIRU%HUU\SKDVH DDGP$³ Ö
LQ WKH DGLDEDWLF DSSUR[LPDWLRQ WKLV IRUPXOD LV DSSDUHQWO\ YDOLG LQ WKH JHQHUDO FDVH DV ZHOO
,QGHHGLQUHODWLYLVWLFFDVHRIWKH'LUDFHTXDWLRQWKHVLPLODUHTXDWLRQIRU%HUU\SKDVHLVH[DFW>@
DV LVWKHHTXDWLRQIRUWKH'LUDFSKDVH,QVXFKFDVHWKH%HUU\SKDVH DDGP$³ Ö ZLWKH[DFWSRWHQWLDO
 LV ERXQG WR GHWHUPLQH FRPSOHWHO\ WKH HQWLUH QRQWULYLDO VSLQ HYROXWLRQ RI WKH SDUWLFOH
LQFOXGLQJ LWV HIILFLHQW VSLQ WUDQVSRUW DV D FRQVHTXHQFH RI WKH LQWHUIHUHQFH HIIHFWV DNLQ WR WKH
$KDURQRY%RKPHIIHFWVHH6XEVHFWLRQ
 0$;:(//(48$7,216)25$63,1*$8*(),(/'
7KH VSLQJDXJHSRWHQWLDO D$Ö PDGH LWV DSSHDUDQFH DIWHU%HUU\¶VZRUN >@ LQLWLDOO\DV WKH
FRQQHFWLRQLQDQDEVWUDFWSDUDPHWHUVSDFH$IWHUWKHWRSRORJLFDOVSLQWUDQVSRUWKDGEHHQGHWHFWHG
WKHVSLQJDXJHILHOGWXUQHGRXWWREHFDSDEOHRIDFWLQJHIILFLHQWO\RQDSDUWLFOHDVDTXLWHUHDOIRUFH
ILHOG7KHQH[WVWHSLQWKHGHVFULSWLRQRIWKLVILHOGLVWKHTXHVWLRQFDQWKHVSLQILHOGH[LVWLQDIUHH
VWDWH"$VZHKDYHVHHQWKHVSLQJDXJHILHOGLQLWVH[DFWIRUPLVDSXUHO\JDXJHIRUFHOHVVILHOG
LWV LQWHQVLW\ DE)Ö LV LGHQWLFDOO\ ]HUR VHH (TV   +RZHYHU LQ WKH DGLDEDWLF
DSSUR[LPDWLRQ WKLV ILHOG VKRZV LWVHOI DV D IRUFHRQH+HQFHZHGLUHFWRXUDWWHQWLRQ MXVW WR WKH
DGLDEDWLFFDVH
/HW XV FRQVLGHU WKH DGLDEDWLF VSLQ JDXJH ILHOG DEÖ DG)  2ZLQJ WR LWV DQDORJ\ ZLWK WKH
HOHFWURPDJQHWLF ILHOG WKH VSLQ DQDORJXHV WR WKH 0D[ZHOO HTXDWLRQV IROORZ IURP WKH DERYH
GHULYHG HTXDWLRQVRIPRWLRQ  DQGFRPPXWDWLRQ UHODWLRQV  VHH WKH)H\QPDQ
GHULYDWLRQRIWKH0D[ZHOOHTXDWLRQVLQ>@,QIUHHVSDFHWKH\WDNHWKHIRUP
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7KH SDUWLFXODUFDVHRIWKHVHHTXDWLRQVKDVEHHQFRQVLGHUHGLQ>@(TXDWLRQVDUHLQYDULDQW
ZLWK UHVSHFW WR WKH JDXJH WUDQVIRUPDWLRQV OLNH (T VHH DOVR 6XEVHFWLRQ  $V D
FRQVHTXHQFHRI WKHGLDJRQDOLW\RI DEÖ DG) LQ WKHVSLQVSDFH WKH\GHFRPSRVH LQWR Q LQGHSHQGHQW
V\VWHPVZLWK  8 JDXJHV\PPHWULHV7KH0D[ZHOOHTXDWLRQVLQIUHHVSDFHDGPLWWKHQRQWULYLDO
VROXWLRQV LQ WKH IRUP RI WKH SURSDJDWLQJ ZDYHV WUDQVSRUWLQJ WKH PRPHQWXP DQG WKH HQHUJ\
+HQFH VLPLODU VROXWLRQV LQ WKH DP VSDFHFDQEHIRUPDOO\FRQVWUXFWHGIURPHTXDWLRQV  IRU
WKH DGLDEDWLF VSLQ JDXJH ILHOG DEÖ DG)  +RZHYHU LW LV XQNQRZQ ZKHWKHU WKHVH VROXWLRQV KDYH D
SK\VLFDOPHDQLQJVLQFHWKHILHOG DEÖ DG) KDV EHHQDVVRFLDWHGIRUHDFKSDUWLFOHRQO\ZLWKWKHSRLQWV
RI GHJHQHUDF\ LQ LWV RZQ VSHFWUXP %HFDXVH LQ JHQHUDO WKH IRUFH DFWLRQ RI WKH ILHOG DEÖ DG)
GHVFULEHV LQ IDFW SXUHO\ SKDVH LQWHUIHUHQFH HIIHFWV RI WKH IRUFHOHVV H[DFW ILHOG DE)Ö VHH
6XEVHFWLRQVDQGLWLVSRVVLEOHWKDWWKHZDYHVRIWKHILHOG DEÖ DG) DUHDVVRFLDWHGZLWKPRUH
FRPSOH[ PDQLIHVWDWLRQVRI WKHSXUHO\JDXJH ILOHG DE)Ö LQ WKH LQWHUDFWLRQRISDUWLFOHV7KLV LVD
TXHVWLRQ WKDWLV\HWWREHH[SORUHG
$V ZH KDYH VHHQ DERYH WKH HOHFWURPDJQHWLF ILHOG DQG WKH DGLDEDWLF VSLQ JDXJH ILHOG DFW
DGGLWLYHO\+HQFH LQ WKHJHQHUDOFDVH0D[ZHOOHTXDWLRQV LQIUHHVSDFHVKRXOGEHZULWWHQ
IRU DWRWDOILHOGWHQVRU>@
 DEDEDE )F
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
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%HORZ ZH SUHVHQW D QXPEHU RI H[DPSOHV ERWK NQRZQ DQG QHZ RQHV WKDW LOOXVWUDWH WKH
DSSOLFDWLRQRIWKHJHQHUDOWKHRU\FRQVWUXFWHGDERYH)RUWKHVDNHRIVLPSOLFLW\ZHZLOOFRQVLGHU
WKHSDUWLFOHVZLWKWZRVSLQVWDWHVQDPHO\HOHFWURQVZLWKVSLQDQGSKRWRQVZLWKVSLQ
6SLQLQDPDJQHWLFILHOG2ZLQJWRWKHIDFWWKDWWKHVSLQLVUHODWHGWRWKHHOHFWURQ
PDJQHWLF PRPHQW LW LQWHUDFWV ZLWK WKH HOHFWURPDJQHWLF ILHOG ,Q WKLV 6XEVHFWLRQ WKH VLPSOHVW
VLWXDWLRQ QDPHO\ WKH=HHPDQ LQWHUDFWLRQZLWK DQ H[WHUQDOPDJQHWLF ILHOG LV GLVFXVVHG /HW XV
FRQVLGHU WKH VSLQ  EHKDYLRU LQ DQ H[WHUQDO VPRRWKO\ LQKRPRJHQHRXV VORZO\ QRQVWDWLRQDU\
PDJQHWLF ILHOG DQ DQDORJRXV SUREOHP IRU LQKRPRJHQHRXV EXW VWDWLRQDU\ PDJQHWLF ILHOG ZDV
FRQVLGHUHG LQ >@ 7KHHIIHFWVDVVRFLDWHGZLWK WKH LQGXFHGHOHFWULF ILHOGVZLOOEH LJQRUHG
7KHQ WKH+DPLOWRQLDQKDVWKHIRUPDQGHTXDOVWR
 %Ö,ÖÖ  F= ++  
ZKHUH  W+  US LV WKH+DPLOWRQLDQLQWKHDEVHQFHRIWKHPDJQHWLFILHOG  WU%%   Ö VWDQGV
IRU WKHHOHFWURQVSLQRSHUDWRULQYROYLQJWKH3DXOLPDWULFHVDQG  PFH  F  H DQG P DUHWKH
HOHFWURQ FKDUJH DQG WKH HOHFWURQ PDVV UHVSHFWLYHO\ 7KH XQLWDU\ PDWUL[ WUDQVIRUPLQJ WKH
+DPLOWRQLDQWRDGLDJRQDOIRUPLV
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ZKHUH % %  :LWKWKHVXEVWLWXWLRQRIZLWKWKHGLDJRQDOL]HGVSLQWHUPLQWDNHV
WKHIRUP
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7KLVWHUPLVUHVSRQVLEOHIRU=HHPDQ¶VVSOLWWLQJRIWKHVSLQVWDWHVLQWKHHOHFWURQVSHFWUXP
 %F=r ((  
ZKHUH ( LV WKH HQHUJ\ LQ WKH DEVHQFH RI WKHPDJQHWLF ILHOG >@ 7KH SRLQWV ZKHUH  %
UHSUHVHQWWKHGHJHQHUDFLHVLQWKHHOHFWURQVSHFWUXPVHH>@DQG6XEVHFWLRQ
,I WKHVSDFHRI WKHPDJQHWLFILHOGYHFWRUV % LV WUHDWHGDVD WKUHHGLPHQVLRQDORQHZKHUH
WKH VSLQWHUPGHJHQHUDF\RFFXUVDW WKHRULJLQRIFRRUGLQDWHV WKHQWKHDGLDEDWLFJDXJHSRWHQWLDO
 LQGXFHGE\VXEVWLWXWLRQLVHTXDOLQWKLVVSDFHWR
       ¸¸¹
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ZKHUH GLIIHUHQW VLJQV FRUUHVSRQG WR WZR VSLQ VWDWHV LQ  7KH FDOFXODWLRQRI WKH ILHOG
WHQVRU LQWKH% VSDFH ZKLFKFRUUHVSRQGVWRWKHSRWHQWLDOJLYHQE\\LHOGV
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7KLV UHVXOW LVFRQVLVWHQWZLWK WKHJHQHUDORQH:HVHHWKDW WKHIRUFHILHOGVSHFLILHGLVDQ
DQDORJXHRIWKH'LUDFPRQRSROHORFDWHGDWWKHRULJLQRIFRRUGLQDWHVLQWKH% VSDFH,QWKLVFDVH
WKH HIILFLHQWHOHFWURQµVSLQFKDUJH¶HTXDOV r  LHWKHHOHFWURQVSLQSURMHFWLRQYDOXHV
%\ JRLQJIURPWKH % VSDFH LQWR WKHSKDVHP VSDFHWKURXJKWKHJHQHUDOIRUPXODV
DQG ZHREWDLQWKHFRPSRQHQWVRIWKHDGLDEDWLFVSLQJDXJHILHOGWHQVRU
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,Q WKHFDVHXQGHUFRQVLGHUDWLRQWKH Ö DG) WHQVRUGRHVQRWSRVVHVVPRPHQWXPFRPSRQHQWVVLQFH
WKH +DPLOWRQLDQ VSLQ SDUW GHSHQGV H[FOXVLYHO\ RQ FRRUGLQDWHV DQG RQ WLPH 7KH VSDWLDO
FRPSRQHQWVRI WKH Ö DGUU) WHQVRUUHSUHVHQWDQDQDORJXHRIWKHPDJQHWLFILHOGWHQVRUZKHUHDVWKH
VSDWLDOWHPSRUDOFRPSRQHQWVRI Ö DGWU) SUHVHQWDQDQDORJXHRIWKHHOHFWULFILHOG7KHVHYDOXHVDUH
SURSHUO\LQYROYHGLQWKHPRWLRQHTXDWLRQVDQG$VDUHVXOWWKHHOHFWURQLVPRYLQJ
DV LILWLVXQGHUWKHDFWLRQRIWKHHIILFLHQWHOHFWURPDJQHWLFILHOG
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7KH HIILFLHQWPDJQHWLFDQGHOHFWULFILHOGVLQWKHLUWXUQDUHHTXDOUHVSHFWLYHO\WR
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VHH 5HPDUN ,, 7KXV WKH UHVXOWLQJ DGLDEDWLF EHKDYLRU RI WZR VSLQ VWDWHV RI WKH HOHFWURQ LQ DVPRRWKO\LQKRPRJHQHRXVQRQVWDWLRQDU\PDJQHWLFILHOGFDQEHGHVFULEHGLQWHUPVRIWKHFKDUJH H
PRWLRQLQWKHHIILFLHQWHOHFWURPDJQHWLFILHOGVDQGWKHPRWLRQRIWKHPDJQHWLFPRPHQW
PFH =r LQ WKHH[WHUQDOPDJQHWLFILHOG% VHH
,Q WKH FDVH FRQVLGHUHG E\ %HUU\ >@ ZKHUH WKH PDJQHWLF ILHOG GHSHQGV RQ WLPH RQO\
  W%%   WKH IRUFH ILHOG WHQVRU Ö DG) RQ WKH SKDVH VSDFH LV DQ LGHQWLFDO ]HUR DQG WKH RQO\
DULVLQJ HIIHFWLVWKH%HUU\SKDVHDSSHDUDQFH&XULRXVSURSHUWLHVDUHUHYHDOHGZKHQRQHDQDO\]HV
DQ LQKRPRJHQHRXVPDJQHWLFILHOG  U%%   7KHSRLQWRIGHJHQHUDF\  % DFWVLQWKH% VSDFH
DV DQDQDORJXHRIWKHPDJQHWLFPRQRSROHVHHZKHUHDVLQWKHUHDO U VSDFHWKHSRLQWVRI
GHJHQHUDF\ U  ZKHUH     U%  FDQQRW EH DQDORJRXV WR WKH PDJQHWLF PRQRSROH VLQFH WKH
PDJQHWLF ILHOG RI  UU v% FRQILJXUDWLRQ FDQQRW H[LVW RU LQ RWKHU ZRUGV E\ YLUWXH RI WKH
DEVHQFHRIWKHUHDOPDJQHWLFPRQRSROHV7KLVPHDQVWKDWWKHGHJHQHUDF\SRLQWRIWKH+HUPLWLDQ+DPLOWRQLDQLQWKHU VSDFHLVQRWKHUHWKHGHJHQHUDF\SRLQWRIWKHJHQHULFFDVHVHH>±@
 6SLQRUELWLQWHUDFWLRQZLWKDQHOHFWULFILHOG2QHIXUWKHULPSRUWDQWFDVHRIWKHVSLQLQWHUDFWLRQ ZLWK DQ H[WHUQDO HOHFWURPDJQHWLF ILHOG LV WKH VSLQRUELW LQWHUDFWLRQ /HW XV QRZFRQVLGHU LW DORQJZLWK WKH=HHPDQ LQWHUDFWLRQ/HWXVSODFHDQHOHFWURQ LQH[WHUQDOHOHFWULFDQGPDJQHWLFILHOGVZKLFKDUHVORZIXQFWLRQVRIFRRUGLQDWHVDQGRIWLPH7KHQZLWKWKHVSLQRUELWLQWHUDFWLRQWDNHQLQWRDFFRXQWWKH+DPLOWRQLDQRIWKHHOHFWURQWDNHVWKHIRUPVHH
  > @Su (% UFÖ,ÖÖ  =++  
ZKHUH WKH QRWDWLRQ DGRSWHG LQ WKH SUHYLRXV 6XEVHFWLRQ KDV EHHQ UHWDLQHG  WU((   DQG  FPH U 
7R SHUIRUP WKH FDOFXODWLRQV ZH XVH WKH JHQHUDO IRUPXODV  )RU WKH+DPLOWRQLDQLQZHKDYH
  S+ u (% UF  ,Q WKH + VSDFHWKHDGLDEDWLFVSLQJDXJHILHOGWHQVRULVHTXDOWR
   




Ö +
+) NLMNDGLM HB +  
,Q WKLVFDVHWKHGLDJRQDOL]HGVSLQSDUWRIWKH+DPLOWRQLDQHTXDOVVHH
  Sur (% UF=G+Ö  
ZKLOHWKHHQHUJ\OHYHOVVSOLWDV  Sur (% UF=(( >@

%\XVLQJ(TVWKHDGLDEDWLFVSLQJDXJHILHOGWHQVRULQWKH  WUSP  VSDFH
FDQEHZULWWHQDV
       





Ö
SS
S
u u
u 
(%(%
(%
UF
FUHHHUF
UFUHHH USNPUMOSLNOPUSNPUMOSLNOPDGSS ML) ((%(( BB  D
     Ö L MDGU U L L M M) U U U U
F U F U F UF U
ª º§ · u § ·w w w w  u u  u« »¨ ¸¨ ¸ ¨ ¸w w w w u « »© ¹ © ¹¬ ¼
S S SSB
% ( % ( % (
% (
 E
    
P
MM
SN
OSLNOP
DG
US UU) ML »»¼
º
««¬
ª
¸¸¹
·
¨¨©
§ uw
ww
w
u
u SS
S (%
(%
(% UFUF
UFUHH  Ö
(
B  F
      Ö L SDG NS W NOP OSL P) W W
U F UH H F UF U
 u ª w w º§ ·  u¨ ¸« »w w© ¹¬ ¼ u
S SSB
(% ( % (
% (
 G
    »¼
º«¬
ª
¹¸
·
©¨
§ uw
ww
wu¸¸¹
·¨¨©
§ uw
ww
w
u
u SSS
S
WWUU) LL
DG
WUL
(%(%
(%
(% UFUFUF
UF



Ö B H
7KHVH IRUPXODVFRPSOHWHO\GHVFULEHWKHILHOG Ö DG) WHQVRUDQGKHQFHWKHG\QDPLFVRIDSDUWLFOHLQ WKLV ILHOG DVZHOO&RQVHTXHQWO\ WKH DGLDEDWLFSDUWLFOHPRWLRQ FRQVLVWVRI WKHPRWLRQRI WKH
FKDUJH DQG WKH PDJQHWLF PRPHQW LQ WKH H[WHUQDO HOHFWURPDJQHWLF ILHOG WKHVH PRWLRQV DUH
VSHFLILHG E\ WKH +DPLOWRQLDQ FRPSRQHQWV + DQG G+Ö=  UHVSHFWLYHO\ DORQJ ZLWK WKH
PRWLRQRIWKHVSLQHLJHQVWDWHLQWKH Ö DG) ILHOG %\DQDORJ\ZLWKDH[SUHVVLRQV
FDQ EHUHSUHVHQWHGLQWKHGLPHQVLRQDOIRUPLQWKH DP VSDFH
/HW XVSD\DWWHQWLRQWRWKHUDWKHUVLPSOHIRUPRIWKHPRPHQWXPFRPSRQHQWV Ö DGSS) D
7KH\ GHWHUPLQH WKH VSLQ ILHOG LQ WKH PRPHQWXP S VSDFH HYHQ ZLWK WKH FRQVWDQW ILHOGV
FRQVW %(   $VLWLVVHHQIURPD Ö DGSS) LV QRQ]HURRQO\LIWKHHOHFWULFDQGPDJQHWLFILHOGV
H[LVW VLPXOWDQHRXVO\7REHPRUHSUHFLVHIRU  %  Ö DGSS) KDV DVLQJXODULW\RIWKHGHOWDIXQFWLRQ
W\SH DW WKH RULJLQ RI WKH S VSDFH >@ %HVLGHV Ö   DGSS) ZLWK zS  LI WKH VWDWLRQDU\
HOHFWULFDQGPDJQHWLFILHOGVDUHPXWXDOO\RUWKRJRQDO/HW XVFRQVLGHUWKHFDVHZKHQFRQVWDQWHOHFWULFDQGPDJQHWLFILHOGVDUHGLUHFWHGDWDQDQJOHWR HDFKRWKHU/HWWKHHOHFWULFILHOGEHDOLJQHGZLWKWKH ] D[LV7KHQIURPDLWIROORZVWKDW
RQO\ WKH  ÖÖ DGSSDGSS [\\[ ))  FRPSRQHQWVDUHQRQ]HUR
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 
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+HUHE\DQDORJ\ZLWK ZHKDYHZULWWHQ WKHDQWLV\PPHWULF WHQVRU Ö DGSS) LQ WKH IRUPRID
SVHXGRYHFWRU  DG)  7KLVSVHXGRYHFWRULVDQDQDORJXHRIWKHPDJQHWLFILHOGLQWKHPRPHQWXPS 
VSDFH DQG FDXVHV DQ DGGLWLRQDO VKLIW ZKLFK LV SHUSHQGLFXODU ERWK WR WKH HOHFWULF ILHOG DQG WKHH[WHUQDOIRUFHH[SHULHQFHGE\WKHHOHFWURQ%\VXEVWLWXWLQJDLQWRPRWLRQHTXDWLRQV
ZH REWDLQ WKDW WKLV VKLIW LV GHVFULEHG E\ DQ DGGLWLRQDO WHUP     ((% %( uur SS = 

 UF
FU LQ WKH
HTXDWLRQ IRU U  7ZR H[DPSOHV EHORZ GHPRQVWUDWH WKH LQIOXHQFH RI WKLV VKLIW RQ WKH SDUWLFOH¶VG\QDPLFV

5DVKEDVSLQRUELWLQWHUDFWLRQDQGWKHVSLQ+DOOHIIHFW/HWXVFRQVLGHUDQHOHFWURQJDV LQ D WZRGLPHQVLRQDO VROLGVWDWH ODWWLFH  [\ SODQHZLWK D FRQVWDQWPDJQHWLF ILHOGGLUHFWHG
DFURVV WKLVODWWLFHDORQJ ] $FRQVWDQWHOHFWULFILHOGLVDSSOLHGLQWKHSODQHRIWKHODWWLFHDORQJ[ 7KHUHODWLYLVWLFVSLQRUELWLQWHUDFWLRQGLVFXVVHGLQWKHDERYH6XEVHFWLRQLVDVDUXOHVPDOOLQ
VROLGVDQGDOWHUQDWLYHW\SHVRIWKHVSLQRUELWLQWHUDFWLRQVDUHHIILFLHQWO\LQWURGXFHG7KHVLPSOHVWRQH LV5DVKEDVSLQRUELW LQWHUDFWLRQ >@ZKLFKGLIIHUV IURPWKHDERYHUHODWLYLVWLF LQWHUDFWLRQRQO\LQWKHFKDQJHRIWKHIL[HGYDOXH U DQGWKHUHSODFHPHQWRIWKHHOHFWURPDJQHWLFILHOGE\WKH
XQLW YHFWRU ]H RI WKH ODWWLFH V\PPHWU\ LW LV DOLJQHG ZLWK ]  $V D UHVXOW LQVWHDG RI WKH+DPLOWRQLDQZHKDYH
  > @SH u ]++ UF%Ö,ÖÖ  =  
ZKHUH    + P H S $ IRUDIUHHHOHFWURQP LVWKHHIIHFWLYHHOHFWURQPDVVDQG $ LVWKH
VFDODUSRWHQWLDORIWKHHOHFWURPDJQHWLFILHOG3HUIRUPLQJWKHVXEVWLWXWLRQ ]Ho( LQDQGDDQGKDYLQJWKHVHPLFODVVLFDOPRWLRQHTXDWLRQVDZULWWHQZHDUULYHDWWKHPRWLRQHTXDWLRQVIRUDIUHHHOHFWURQ
  %( u US  FHH  D
 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+HUHWKHVHFRQGWHUPLQWKHULJKWKDQGVLGHRI(TERFFXUVDVDUHVXOWRIWKHGLIIHUHQWLDWLRQRI WKHGLDJRQDOL]HGVSLQSRUWLRQRIWKH+DPLOWRQLDQDQDORJRXVWRZKHUHDVWKHODVWWHUPLQ
(T EGHVFULEHVWKHDFWLRQRIWKHDGLDEDWLFVSLQJDXJHILHOG Ö DGSS) 
,W LV UHDGLO\ VHHQ WKDW WKH VHFRQG WHUP LQ (TE LV GLUHFWHG DORQJ S DQG LV EDUHO\
QRWLFHDEOH DJDLQVW WKH EDFNJURXQG RI WKH SULQFLSDO PRWLRQ GXH WR WKH VHPLFODVVLFV LW LVSURSRUWLRQDO WR =aH /HWXV VXEVWLWXWH S IURP(TD LQWR(TE7KH WHUP WKDW LV
SURSRUWLRQDOWR   ]HU uu% LVDOLJQHGZLWKU  WKDWLVDOPRVWZLWKS ZLWKDQDFFXUDF\RI =  DQGDOVR LV EDUHO\ QRWLFHDEOH DJDLQVW WKH EDFNJURXQG RI WKH SULQFLSDOPRWLRQ2PLWWLQJ WKH DERYH
PHQWLRQHGLQVLJQLILFDQWVXPPDQGVDQGWDNLQJLQWRFRQVLGHUDWLRQWKDW % ]H%  ZHDUULYHDWWKHIROORZLQJ HTXDWLRQ
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
+HUH WKHVHFRQG WHUPLQ WKH ULJKWKDQGVLGH LVDVVRFLDWHGZLWKWKHDFWLRQRI WKH Ö DGSS) ILHOGDQG
FDXVHV WKH DGGLWLRQDO VKLIW RI WKH SDUWLFOH DFURVV WKH SULQFLSDO FXUUHQW WKLV FXUUHQW LV GLUHFWHGDORQJWKHDSSOLHGHOHFWULFILHOG7KHSDUWLFOH¶VGHYLDWLRQVDUHRIRSSRVLWHVLJQVIRUWZRVSLQVWDWHVRI DQHOHFWURQ7KXVIRUDQHQVHPEOHRIHOHFWURQVWKHVKLIWLQTXHVWLRQSURGXFHVWKHVSLQFXUUHQW
ZKLFKLVGLUHFWHGRUWKRJRQDOO\ WR WKHDSSOLHGHOHFWULFILHOGVHH>@,QWKHFDVHZKHQWKHHOHFWURQVLQWKHHQVHPEOHDUHSRODUL]HGRQHVWDWHSUHYDLOVWKLVVSLQFXUUHQWFOHDUO\SURGXFHVWKH
HOHFWULFFXUUHQWDVZHOO(TXDWLRQGHVFULEHVWKH DQRPDORXVDQGLQWULQVLFVSLQ+DOOHIIHFWVLQ YDULRXVPDJQHWVWKHSRODUL]DWLRQRIWKHHOHFWURQVWKHUHLVFRQGLWLRQHGE\WKHH[WHUQDOPDJQHWLF
ILHOG DVZHOODVE\WKHVDPSOHPDJQHWL]DWLRQ>@8SRQ LQWHJUDWLQJHTXDWLRQVOLNHEDQGZLWKUHVSHFWWRWLPHZHKDYH
      Ö DG DGP GW G P GW G        u³ ³ ³ ³SSU U S ) S U S ) S= =  
7KH ORQJLWXGLQDOGLVSODFHPHQW FDXVHGE\ WKH WHUPVLPLODU WR  LVGLVUHJDUGHGKHUH$VZHFDQVHHWKHODVWWHUPLQUHSUHVHQWVDFRQWRXULQWHJUDOLQWKH S VSDFHDQGKDVWRSRORJLFDO
QDWXUH,QWKHH[DPSOHFRQVLGHUHGWKLVWHUPGHVFULEHVWKHWRSRORJLFDOVSLQVSOLWWLQJWUDQVSRUWRU
SXPSLQJ ,IWKH%HUU\SKDVHLVJLYHQE\DFRQWRXULQWHJUDORIWKHVSLQJDXJHSRWHQWLDO$Ö  WKHQWKH

GLVSODFHPHQW GXULQJ WKH WRSRORJLFDO DGLDEDWLF VSLQ WUDQVSRUW LV H[SUHVVHG WKURXJK D FRQWRXU
LQWHJUDORIWKHILHOGWHQVRU Ö DG) 
 7RSRORJLFDOVSLQWUDQVSRUWRISKRWRQVWKHRSWLFDO0DJQXVHIIHFW$QLQWHUHVWLQJH[DPSOH RI WKH VSLQ JDXJH ILHOG DFWLRQ DQG WKH WRSRORJLFDO VSLQ WUDQVSRUW RFFXUV DW WKHSURSDJDWLRQ RI OLJKW LQ D VPRRWKO\ LQKRPRJHQHRXV LVRWURSLFPHGLXP LQ WKHJHRPHWULFDO RSWLFVDSSUR[LPDWLRQ>@7KHJHRPHWULFDORSWLFVDSSUR[LPDWLRQFRUUHVSRQGVWRWKHVHPLFODVVLFDODQGDGLDEDWLFRQH LQTXDQWXPPHFKDQLFV7ZRVSLQ VWDWHVRISKRWRQVFRUUHVSRQG WR WKH VWDWHVZLWKKHOLFLW\ RI r  LH ZLWK ULJKWKDQG DQG OHIWKDQG FLUFXODU SRODUL]DWLRQV 7KH SUHVHQFH RI WKHJHRPHWULF%HUU\SKDVHRISKRWRQVUHYHDOVLWVHOIDVWKHHYROXWLRQRIWKHSRODUL]DWLRQRIOLJKWGXULQJLWV SURSDJDWLRQ 7KH HYROXWLRQ RI WKLV NLQG KDG EHHQ GHVFULEHG E\ 605\WRY DQG999ODGLPLUVN\ EDFN LQ  >@ DQG PRUH UHFHQWO\ VHUYHG DV WKH ILUVWH[SHULPHQWDO YHULILFDWLRQ RI WKH %HUU\ SKDVH HIIHFW VHH LQ >@ $W D ODWHU WLPH%<D=HO¶GRYLFKHWDOGLVFRYHUHGWKHGLVSODFHPHQWRIOLJKWUD\VRIGLVWLQFWSRODUL]DWLRQVLQWKHRSSRVLWHGLUHFWLRQV>@ZKLFKZDVJLYHQWKHWLWOHµWKHRSWLFDO0DJQXVHIIHFW¶7KHVXEVHTXHQWSKHQRPHQRORJLFDO WKHRU\ >@KDVDVVLJQHG WKLVHIIHFW WRDVSLQRUELW LQWHUDFWLRQ$QGILQDOO\
WKH UHFHQWO\ GHYHORSHG >@ FRPSOHWH WKHRU\ RI JHRPHWULFDO RSWLFV RI VPRRWKO\LQKRPRJHQHRXV LVRWURSLFPHGLDZKLFK LQFOXGHV ERWK WKH%HUU\ SKDVH DQG WKH RSWLFDO0DJQXVHIIHFW KDVDOORZHGRQHWRVHHWKHFRPPRQQHVVRIWKHVHSKHQRPHQD/HW XV FRQVLGHU WKH SURSDJDWLRQ RI D UD\ RI DQ HOHFWURPDJQHWLF ZDYH SKRWRQV LQ DVPRRWKO\LQKRPRJHQHRXVPHGLXPFKDUDFWHUL]HGE\WKHUHIUDFWLYHLQGH[ UQ  LQWKHJHRPHWULFDO
RSWLFVDSSUR[LPDWLRQ/HWZ EHWKHZDYHIUHTXHQF\N EHWKHZDYHYHFWRUDQG  NNS  EHLWV
GLPHQVLRQOHVVPRPHQWXP Z FN   LVDVPDOOSDUDPHWHURIJHRPHWULFDORSWLFVSOD\LQJWKHUROH
RI WKH3ODQFNFRQVWDQWLQTXDQWXPPHFKDQLFV1RWHWKDWWKHGLVSHUVLRQRIOLJKWKDVWKHIRUPRI
QFN r Z  6LQFH WKH IUHTXHQF\ GHWHUPLQHV KHUH WKH ZDYH HQHUJ\ GLVSHUVLRQ RI SKRWRQV
QFS( r  WKHQ DW   NS WKH LQWHUVHFWLRQ SRLQW RI WHUPV RU WKH GHJHQHUDF\ H[LVWV
&RQVHTXHQWO\LQWKHDGLDEDWLFJHRPHWULFDORSWLFVDSSUR[LPDWLRQWKLVSRLQWJHQHUDWHVLQWKHS 
VSDFHWKHJDXJHSRWHQWLDO S$Ö  ZKLFKFRUUHVSRQGVWRWKHIROORZLQJILHOGWHQVRU


Ö S
S) NLMNDGSS ML HB RU   SDG
SS) B  
7KLV WHQVRULVGHULYHGIURPWKHJHQHUDOIRUPXODVOLNHIRUDSDUWLFOHZLWKVSLQRIDQGZLWKWKH YDOXHV RI KHOLFLW\ DV WKH VSLQ SURMHFWLRQ RI D UHODWLYLVWLF SDUWLFOH 7KH VLJQV LQ 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